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Abstract  
Product information exchange has been described by a number of standards. The 
“Standard for the Exchange of Product model data” (STEP) is published by ISO as an 
international standard to cover this exchange. “Product Life Cycle Support” (PLCS) is a 
standard developed as an extension to STEP, covering the complete life cycle information 
needs for products. PLCS uses Data Exchange Sets (DEXs) to exchange information.  
 
A DEX is a subset of the PLCS structure applicable for product information exchange. A 
DEX is specified in a separate document form the PLCS standard, and is published under 
OASIS. The development of DEXs is ongoing and changing, nine DEXs have been 
identified and are being developed within the Organization for the Advancement of 
Structured Information Standards (OASIS). Each of the nine DEXs covers a specific 
business concept.  
 
Implementations based on the DEX specifications are necessary in order to send and 
receive populated DEXs with product information. The implementations add contents to a 
DEX structure in a neutral file format which can be exchanged. Interoperability between 
senders and receivers of DEXs can not be guaranteed, however, conformance testing of 
implementations can help increase the chances of interoperability. 
 
Conformance testing is the process of testing an implementation against a set of 
requirements stated in a specification or standard used to develop the implementation. 
Conformance testing is performed by sending inputs to the implementation and observing 
the output. The output is then analysed with respect to expected output.  
 
STEP dedicates a whole section of the standard to conformance testing of STEP 
implementations. This section describes how implementations of STEP shall be tested and 
analysed.  
 
PLCS is an extension of STEP, and DEXs are subsets of PLCS. Conformance testing for 
STEP is used as a basis for DEX conformance testing, because of the similarities between 
PLCS and STEP. A testing methodology based on STEP conformance testing and DEX 
specifications is developed. The testing methodology explains how conformance testing 
can be achieved on DEX implementations exemplified with a test example on a specific 
DEX.  
 
The thesis develops a proposed set of test methods for conformance testing DEX adapter 
implementations. Conformance testing of Export adapters tests the adapter’s ability to 
populate and output a correct DEX according to the specifications in the applicable DEX 
specification. Conformance testing of the Import adapter verifies that the content of the 
populated input DEX is retrievable in the receiving computer system.  
 
A specific DEX, “Identify a part and its constituent parts”, is finally used as an example 
on how to test a specific DEX specification. Test cases are derived from a set of test 
requirements identified from the DEX specification. Testing of these requirements is 
explained explicitly.  
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1 Introduction 
1.1 Thesis domain 
The last few decades has seen an increase in the use of seamless computer systems within 
organizations, covering all business needs and providing seamless communication between 
different parts of the organization. Systems such as these provided organizations with the 
ability to coordinate internal process within a single framework.  
 
During the early 90’s the requirements for information exchange expanded beyond the 
organization. A common need was established among government institutions and big 
corporations for information exchange between organizations. This lead to the development 
of standards for data exchange, such as NATO Product Data Model (NDPM) and ISO 10303 
Standard for the Exchange of Product model data (STEP). The most recent addition to the 
data exchange standards has been the introduction of Product Life Cycle Support (PLCS) 
which is defined as an application protocol (AP239) in STEP.   
 
PLCS is a new international standard that extends the scope covered by earlier standards to 
cover the entire life-cycle of a given product. Earlier standards specialized on exchange of 
product data at the early phases of product development. STEP was particularly useful in 
exchanging design drawings.  
 
Exchange of product data based on ISO 10303-239 is done by exchanging populated subsets 
called Data EXchange sets, DEX. Several DEXs are being identified and developed at the 
moment to cover data exchange needs for different specific business needs. Each defined 
DEX is used to exchange some predefined information about a product for a given context.  
 
Implementations of adapters to interpret and create DEXs are being developed by vendors to 
facilitate DEX exchange. It is expected that a wider range of developer will be able to develop 
DEX adapters as the specifications become published through Organization for the 
Advancement of Structured Information Standards (OASIS). 
 
Information exchange between applications requires adaptors which are DEX compliant. An 
Export adapter creates an instance of a DEX that an Import adapter receives and interprets. 
For the import adapter to be able to interpret the received DEX it must be created according to 
the specifications. Conformance testing of an adapter is used to test whether or not the adapter 
is developed according to the applicable DEX specifications. An Export adapter is tested on 
whether or not it can create a DEX according to the rules defined in the specification, while 
an Import adapter is tested for correct interpretation and handling of the information in a 
received DEX.  
1.2 Thesis Objective 
This objective for this thesis is to investigate how conformance testing can be done for DEX 
exchange implementations. The investigation into conformance testing starts with an 
overview of existing standards for conformance testing. A literature study of existing methods 
for conformance testing will be used as the basis for suggesting a conformance test 
methodology for DEX exchange. 
 
An overview over the origin and functionality of the Product Life Cycle Support standard and 
Data Exchange sets will provide the reader with an introduction into the domain for and 
Master Thesis by Fredrik Lied Larsen, 2005, NTNU. 
Conformance testing of Data Exchange set implementations  
8 
problem with DEX testing. Additional information to the conformance testing and other 
appropriate information are provided in the appendices.  
 
This thesis presents conformance test methods for implementations within ISO 10303-239. 
DEX adapters generate and interpret Data Exchange sets. These adapters must be tested for 
conformance against the DEX specification. Chapter 7 and chapter 8 provide a test method 
for testing DEX adapter implementations and give an example on how this can be done on a 
specific DEX.  
1.3  Thesis structure 
Chapter 2 of this thesis describes ISO 10303 “Standard for the Exchange of product model 
data” (STEP) giving an overview of the important part of the standard. Chapter 3 explains 
ISO 10303-239 (PLCS) “Product Life Cycle Support” within STEP and what problems it 
provides a solution for. Chapter 4 describes the Data Exchange sets and how they are used 
within PLCS. These three chapters explain the domain for data exchange through a common 
standard.  
 
Chapter 5 gives an overview of conformance testing as described in ISO 9646 “Open Systems 
Interconnection Conformance testing methodology and framework”. ISO 9646 is used as the 
basis for conformance testing in STEP which is described in chapter 6. This chapter explains 
how conformance testing is done on STEP implementations.  
 
Chapter 7 and 8 describe the proposed conformance test methodology for DEX testing.  
1.4 Thesis Context 
This thesis was written at the Norwegian University for Science and Technology (NTNU), 
faculty for information technology, mathematics and electrical engineering (IME). It was 
written with support from Det Norske Veritas section for Information Quality Management.  
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2 ISO 10303 Standard for the Exchange of Product model 
data 
2.1 Introduction 
During its life cycle of a product lots of different information about the product from design 
specifications to maintenance reports and disposal is accumulated and stored. This 
information can be used for different means by several computer systems with distributed 
locations. Computer systems by different vendors are only compatible on very rare occasions 
and often only after some kind of modification. The need for interoperability among computer 
systems has initiated the development of international standards for data exchange.  
 
“ISO 10303 Product data representation and exchange” is the official name of the standard 
otherwise known as STEP (Standard for the Exchange of Product model data). STEP was 
developed by ISO to cover data exchange and description of product data for the life cycle of 
a product. Although STEP is primarily concerned with product data exchange it also opens 
for implementation of shared product database and archiving. The exchange part of STEP 
enables the use of a common backbone for data transfers. Before STEP there was a need to 
translate data into a format that the receiver’s data system could handle, before the exchange 
could take place. This led to a need for two interfaces between every distinct set of peer 
computer system. When the number of systems increase, this number grows with (n-1)n, 
where n is the number of interfaces. STEP on the other hand only requires two interfaces, one 
from the legacy system to the STEP data format and one from the STEP data format to the 
legacy system. This reduces the number of needed interfaces to two.  
 
 
 
Figure 1 - STEP data exchange backbone 
STEP makes distinct interfaces between every organization obsolete. This is replaced with interfaces to a 
neutral backbone that can exchange information.  
 
The purpose of ISO 10303 is to specify a form for the unambiguous representation and 
exchange of computer-interpretable product data throughout the life of a product. This form 
is independent of any particular computer system. This form enables consistent 
implementations across multiple applications and systems. This International Standard 
permits different implementation methods to be used for storing, accessing, transferring, and 
archiving product data. Implementations can be tested for conformance.  
Purpose [ISO10303-1] 
 
As well as enabling data exchange through a neutral file format, STEP also separates the 
requirements for the information model from the implementation requirements. This leads to 
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one standardized protocol for product data sharing and archiving on multiple applications and 
systems.  
2.2 History 
The development of the STEP standard started in 1984 but was not published as an 
international standard by ISO until 1994, [wikipedia.org]. The reason for the need for a 
standardized data exchange method came from the CAD/CAM environment. Several existing 
de facto standards existed, such as IGES, VDA-FS, SET and DXF [Thesis2003]. STEP 
supersedes these standards as well as covering a much greater scope of a product’s life cycle 
information needs. The STEP standard covers a wide variety of business areas with different 
application protocols. Application protocols range from AP 236 Furniture product and project 
data, through AP 226 Ship mechanical systems, to AP 210 Electronic assy, interconnection 
and packaging design. [STEP-ON-A-PAGE]   With the introduction of ISO 10303-239 
“Product Life Cycle Support” in the STEP family, the scope has been extended to cover the 
whole life cycle of a product from concept to disposal.  
2.3 STEP Specifications 
STEP is organised into parts, these form ISO 10303 as separate parts in the structure. ISO 
10303-xxx is the format for STEP, where xxx covers the range from 1-523 without taking up 
all the numbers in between. [STEP-ON-A-PAGE] The different parts are organised into 
several categories: 
 
• Parts 1 – 14: Description methods 
• Parts 21 – 29: Implementation methods 
• Parts 31 – 35: Conformance testing methodology and framework 
• Parts 41 – 58: Integrated generic resources 
• Parts 101 – 110: Integrated-application resources 
• Parts 201 – 240: Application protocols 
• Parts 301 – 340: Abstract test suits 
• Parts 501 – 523: Application-Interpreted constructs 
 
2.3.1 Part 1-14: Description methods 
This part contains part 1 “Overview and fundamental principles” which defines “the basic 
principles of product information representation and exchange used in ISO 10303”, [10303-
1]. This includes an overview of the structure of the standard, overview of the data 
specification methods used, and an introduction to the rest of the STEP part categories. The 
rest of the description methods category covers the data specification language EXPRESS.  
 
EXPRESS is the modelling language used within STEP to specify the representation of 
product data. Using a formal language like EXPRESS provides unambiguous and consistent 
representation of product information. More on EXPRESS in 2.3.6. 
2.3.2 Part 21-29: Implementation methods 
The independent and unambiguous representation of product information using EXPRESS 
gives vendors the choice of implementation method. The category “Implementation methods” 
specifies implementation methods that can be used to implement STEP. The implementation 
methods covered are Clear text encoding, Standard data access interface, C++, C, JAVA and 
XML. Included in the different parts for implementation methods are mapping rules from 
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EXPRESS to the different implementation methods. Since EXPRESS is a formal language it 
is possible to do this mapping according to well defined rules making computer based 
methods feasible for the implementation. Clear text coding or Part 21 is a way of 
implementing an exchange structure; this is also the case for XML. 
2.3.3 Part 31-35: Conformance testing methodology and framework 
Conformance testing is devoted a large part of STEP. Given the importance of interoperability 
and the need for following the specifications of the standard this is not surprising. 
Conformance testing tests an implementation of the STEP protocol against the requirements 
set forth in the protocol. In the case of STEP the implementations are concerned with 
implementing the application protocols, therefore all application protocols are associated with 
an abstract test suite. An abstract test suite covers the testing of the associated application 
protocol through abstract test cases that describe the tests that should be performed in order to 
achieve confidence in the implementation. The test cases are abstract since they are not 
specified towards a particular implementation, but cover the test steps on a higher level. The 
basic conformance test methodology and framework is located in the parts 31-35. These parts 
give references to how the specific testing should be done and organized. More on 
conformance testing in chapter 8. 
2.3.4 Parts 41-58: Integrated resources 
Integrated resources are divided into two groups: generic resources and application resources. 
An integrated resource is written in EXPRESS and comprises a set of product data 
descriptions known as resource constructs. A single resource construct used to represent the 
same information requirement in different applications, is interpreted in an identical way. 
Interpretation of an integrated resource is done by selecting appropriate resource constructs 
and refining their meaning, by specifying any appropriate constraints, relationships, and 
attributes. A fully interpreted integrated resource is called an application interpret model, 
referred to in a specific application protocol, AP. In this way integrated resources are 
interpreted to meet and represent the product information requirements of a specific AP.  
 
Generic resources are context independent while application resources are applicable to 
specified ranges of applications. Application resources do not reference other application 
resources but can reference generic resources, which on their part can reference each other. 
“Generic resource may be interdependent to avoid duplication.” [10303-1] 
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2.3.5 Parts 201-240: Application protocols 
Application protocols are data specifications that satisfy the specific product data needs of a 
given industrial application. [PROSTEP,2003] An AP is a formal document defining the 
scope, context and information requirements of an application.  
 
 
Figure 2 - Key elements of an Application Protocol 
An application protocol is built up of constructs and models. The integrated resources are building blocks 
of the models which describe the application protocol with industry semantic.  
 
The different parts of an application protocol are shown in figure 2. Each of these will be 
described in sections following. The arrows means derived from [Thesis2003]. The figure 
describes the relationship between the different parts of STEP as building blocks for the 
application protocols.  
 
Application protocols are the parts of the standard that are implemented. An AP covers an 
industry need such as AP 203 “Configuration Controlled 3D Design of Mechanical Parts and 
Assemblies”, AP 232 “Technical data packaging: core information & exchange” and AP 208 
“Life-cycle product change process”. AP 239 “Product life cycle support” will be explained in 
more detail in the next chapter, even though it is somewhat different from other APs in STEP.  
 
“The purpose of ISO 10303 is to specify a form for the unambiguous representation and 
exchange of computer-interpretable product data throughout the life cycle of a product.” 
[ISO10303-1] This purpose is covered by the different application protocols. Implementing 
one or more of them allows companies to send and receive product data without having to 
develop new interfaces for every new partner. The data can be sent as a P21 (Structured 
ASCII file) or XML file, and received by the partner as this.  
 
2.3.5.1 Application interpreted constructs 
“The Application interpreted constructs (AIC) mostly deal with the description of geometric 
models, which use the geometric and topologic basic objects defined in ISO 10303-42, and 
specialize the generic 'shape representation' object by specifying a number of conditions. By 
observing these, one instance represents exactly one representation of the according geometric 
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model.” [PROSTEP2003] AICs can also fulfil shared requirements between two or more 
industry applications.  
2.3.5.2 Application interpreted model 
The Application interpreted model (AIM) uses integrated resources (IR) in the creation. The 
AIM fulfils the information requirements from an identified industrial application defined in 
the Application Reference Model. This is done through the integrated resources by selecting 
the appropriate ones and the applicable constraints. Using the integrated resources in this way 
provides STEP with a modular structure that enables reuse of software code and data sharing 
across a wide range of industry requirements. The AIM specifies the data constructs to be 
used in the applicable AP to achieve information exchange. AIM is specified with EXPRESS, 
enabling P21 file transfer. [Thesis2003] 
2.3.5.3 Application Reference Model 
The Application reference model (ARM) specifies the requirements that are fulfilled in the 
AIM. These requirements are the result of a detailed analysis of the requirements from the 
industry application semantics. Requirements are specified in an elicitation procedure with 
participants from industry (domain experts) and STEP modellers. The inclusion of domain 
experts is important to cover the requirements elicitation as thorough as possible, as well as 
leading to describing the requirements using application terminology. These requirements 
also form the basis for further development, review and validation. The analysis process of 
the requirements leads to a detailed specification of the data objects and the relationships 
among those that are needed to necessary activities of the application protocol. “As figure 2 
illustrates, the ARM is dependent on the Application Activity Model: it is a detailed 
description of the data that supports and flows between the activities described in the AAM.” 
[Thesis2003] 
2.3.5.4 Application Activity Model 
The Application Activity Model (AAM) is the description of functionality from the industry 
application. Through analysis of the applications processes the AAM is developed using 
IDEF0. The analysis is the first part of defining an industry application so the emphasis is on 
what the application does not how it is done. Since it is not the analysis of one specific 
organization that is the target it is necessary to perform this analysis with a level of 
abstraction that enables the development of a generalized model for the industry. The AAM 
must be independent of a specific organization and time, since how things are done will vary 
with these two variables. “What is done” however will usually remain fairly static. “In the 
AAM, the data classes which identify the input, output, method or parameters of the functions 
in focus are identified.” [PROSTEP2003] 
2.3.5.5 Conformance Classes 
Conformance classes are defined as subsets of the AIM, described earlier. “In order to meet 
the needs of differing computer systems used within a given industrial application, while 
maintaining consistency of implementation and testing, two or more Conformance Classes 
may be defined for an AIM. “ [Thesis2003] The conformance classes must be implemented as 
a minimum to determine that the implementation is in conformance with the AIM. This can 
be used as a basis for testing as well as implementation.  
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2.3.5.6 Industry application semantics 
The source of the STEP AP models is the industry specific application semantics. The needs 
of the industry are the basis for the development of APs and exchange structures in STEP. 
Traceability of requirements and data to industry implies that STEP has practical usage for a 
common industry need. “What the industry do” is enveloped in the standard but not how 
things are done, “all data that complies with STEP data specifications has an explicit, 
dependent link with the reason or purpose for its existence.” [Thesis2003] 
2.3.5.7 Abstract test suites 
An abstract test suite (ATS) is a set of test cases developed according to the requirements of a 
specific application protocol. All APs have an abstract test suite associated with it, defining 
tests to check implementations of that AP for conformance. ATSs are abstract in a sense that 
they are not specified for a specific implementation so changes are necessary before they can 
be run as executable test suites. The implementation of an AP determines what capabilities 
are being chosen to implement and the environmental conditions that can apply to testing. 
Conformance testing is only performed on the implemented capabilities according to the 
environmental system restrictions. Abstract test suites and test cases are further explained in 
the chapter about conformance testing, Chapter 5.  
2.3.6 EXPRESS information modelling language 
All the models in STEP, IR, AAM, ARM and AIM, are modelled using the EXPRESS 
language. “EXPRESS is a formal data specification language, specified in ISO 10303-11, 
which provides the mechanism for the normative description of product data for both 
integrated resources and application protocols.” [ISO10303-1] This includes restrictions on 
attributes, addition of constraints and the addition of relationships among resource constructs 
and application constructs. With the interpretation within the application protocol EXPRESS 
is a tool to help develop APs. EXPRESS models are expressed using formal notation for the 
data specifications, English for the interpretation of the specifications and EXPRESS-G for 
graphical representation of the specifications. EXPRESS-G(raphical) represents the normative 
data definitions in an informative way for increased understanding and expressiveness 
towards humans. Graphical notations help us understand interrelations and the structure of the 
data types.  
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3 Product Life Cycle Support 
3.1 Introduction 
The newest addition to the STEP standards from ISO is application protocol 239 (AP 239) in 
the ISO 10303 family. AP 239 is named Product Life Cycle Support (PLCS). This PLCS 
standard was developed to cover an extended need in STEP from its scope in design and 
manufacturing of products. The new standard covers exchange of information throughout the 
products life cycle, with specific regard to the in-service part of the products life cycle. PLCS 
is developed to increase the support of product information for the support and maintenance 
needs of the product.  
 
ISO1 0303-239 (PLCS) was approved as a Final Draft International Standard (FDIS) in early 
2005 and has now successfully gone through the ballot for an International Standard (IS). ISO 
10303-239 is now an approved International ISO standard at the IS level. Even though the 
standard is finished there is still ongoing work in interpreting and implementing AP 239, 
especially regarding exchange structures.  
3.2 History 
When the STEP development started the focus of the industry was primarily on CAD/CAM 
transfer. Exchange of design information through CAD/CAM drawings where helpful for the 
early stages of a products life cycle. Since 1984 this view has expanded to include the need 
for product information throughout the life cycle of the product. Product life cycle 
information is important for a number of different products and industries.  
 
The Defence sector has, during the cutbacks of the late 80s and early 90s, developed a 
requirement for reduced maintenance costs and logistics expenses. These requirements lead to 
an increasing need for better information handling and sharing and improved information 
quality. The STEP standards are well acknowledged and used as standards to enable the 
exchange of product information. The earlier parts of STEP were mainly concerned with 
exchange of design and manufacturing information which did not solve the needs for support 
and maintenance information exchange.  
 
Internet and the development of the World Wide Web in the early 1990s provided industry 
with a tool for rapid file exchange and cooperation. This lead to an increasing need for, and 
development of file exchange methods. The result was a wide variety of de facto standards 
within military as well as commercial industries. With many different de facto standards the 
same problem remained unsolved; there was no common way to exchange data between 
systems that were not compatible.  
 
The PLCS initiative was launched by NATO in 1998. Participants to develop the standard 
was recruited, and PLCS Inc. was founded in 1999 with a 4 year development plan aimed at 
develop and standardize AP 239. PLCS Inc was a non profit joint government and industry 
organization established to develop PLCS.  
 
The ISO 10303/239 (PLCS) standard is now a full International Standard (IS). The 
development of DEXes for this standard is managed by the Technical Committee PLCS in the 
Organization for the Advancement of Structured Information Standards (OASIS). The 
transition to OASIS was agreed by the members as a way to place all remaining intellectual 
property rights in the public domain. The OASIS structure also supported the aims and 
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objectives of PLCS by the range of existing projects within OASIS. PLCS also reached a 
larger audience within OASIS, helping to bridge the gap between business and 
product/product support. [PLCSINCFAQ] OASIS is responsible for developing, testing and 
publishing the DEXs as standards. Data EXchange Sets will be closer explained in chapter 4.  
3.3 Business Area 
The cost to operate and maintain a complex system like aircrafts, ships and land based 
systems is very high during their long life time. Some of these systems operate for as long as 
40 - 50 years before being decommissioned. From manufacturing and during their life cycle 
these systems accumulate huge amounts of information. Examples of information 
requirements for military vehicles: 
• “An F16 requires over 3500 manuals.” 
• “USS VinUSS Vincennes has 23.5 tons of paper above the deck which is a greater 
weight than weapons” 
• “C-5 technical documentation will not fit inside the aircraft” 
• “5-9% of fatal accidents in the military traced to documentation errors” 
[PLCSINC, presentation] 
 
The trend in today’s business world is towards outsourcing and cooperation across lands and 
continents. Organizations focus more on primary business area while outsourcing secondary 
business areas to partners. New technologies enable organizations to cooperate closer with 
clients, customers and partners then before. Increased availability trough the Internet and 
cellular technologies suffers from a requirement for complete and correct, instant information.  
 
“ISO 10303, AP 239 (PLCS) seeks to provide a mechanism to maintain the information 
needed to support complex products and systems such as ships, aircraft, engines, or oil 
platforms, in line with the changing product over its complete life cycle. AP 239 provides an 
extension to the capabilities of AP 203 (Configuration Controlled Design) and AP 214 
(Automotive Design Process) and hence the Product Data Management (PDM) Schema and 
Modules, to address the requirements for Configuration Management over the complete 
product life. AP 239 also addresses the information requirements needed to define and deliver 
life cycle support for complex assets. ” [PLCSINC FAQ]  
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Figure 3 - PLCS covering scope  
The gray areas show the products which ISO 10303-239 aim to provide product information exchange 
support for. These are complex products with a long life.  
 
PLCS is specifically aimed at meeting the requirements of complex products with a long life 
cycle, as shown in figure 3. Products ranging from military aircrafts and ships to process 
plants and elevators are within the main scope of PLCS. Such products span industry as well 
as government organizations and PLCS has considered requirements from both sectors. 
Support service is also a high priority within PLCS and is equally supported to cover 
demanding in-service requirements, as well as reducing the support costs.  
3.4 PLCS Specification and Scope 
PLCS is suitable as a base for file exchange through a neutral file format, shared product 
database, and archiving. File exchange is defined in standardised Data Exchange Sets 
 
As the name “Product Life Cycle Support” implies, PLCS spans the entire life cycle of a 
product. The normal product life cycle is often divided in four main phases, Design, Produce, 
Operate and Support. AP 239 is through the life cycle covering four main areas, these are: 
Support Engineering, Resource management, Configuration Management and Maintenance & 
Feedback. The logo from PLCS Inc is showed in figure 4 below. 
 
Support Engineering  
Support engineering covers the managing of a product and its applicable support information 
throughout the product life span to ensure continued operation.  
 
Resource Management 
Controlling and managing resources is concerned with keeping track of a company’s 
resources, whether that is spare parts or employees.  
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Figure 4 - PLCS Inc. Logo 
The logo from PLCS Inc shows the main areas within ISO 10303-239(PLCS). 
 
Maintenance & Feedback 
Maintenance and repair work is performed on products throughout its life span. This area 
cover the whole cycle of maintenance from either a scheduled maintenance operation or a 
fault is diagnosed, through repair and modification of the product, to documenting actions 
taken in the performed maintenance.  
 
Configuration Management 
Configuration management is covers the area of product control. This area covers correct and 
unambiguous product identification, change control, product status and audit. 
3.4.1 Support Engineering  
Planning and scheduling maintenance is done through a set of different tasks: 
• Design for support (Failure Mode and Effect Criticality Analysis (FMECA), Level of 
Repair Analysis (LORA), Logistics Support Analysis (LSA), Life Cycle Costing, 
Human factors etc.) 
• Defining and managing support systems requirements and performance metrics 
• Cost vs. Performance Modelling to allow optimisation of the support solution 
• Electronic Technical Documentation related to product support  
• Support System Design including maintenance planning, resource planning and 
facilities planning 
• Support Data Analysis 
[MAINTAIN] 
3.4.2 Resource Management 
In order to undertake maintenance and support activities it is necessary to have access to and 
information about spare parts. The information related to parts is supported by PLCS, storing 
information about the parts and their availability. Management of resources involves storage 
handling, packaging, transportation needs and procurement information along with supplier 
information.  
 
A product or part is identified in PLCS with details, unique identification including 
manufacturing identifier, and known suppliers. Handling and packaging of parts refers to the 
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management of resources, along with information about usage rates, consumable usage (oil 
etc.) and repair procedures.  
 
PLCS keeps control over parts and product from a resource management perspective. 
Activities necessary to support business use of products and parts is also part of PLCS. 
Operability of product and parts is essential to businesses and PLCS supports operations for 
maintenance and feedback aimed at increasing a product or part availability. Parts are 
identified down to physical breakdown, functional breakdown, usage rates, failure rates, 
operating history, required performance and required usage. The information about the 
products/parts are used as a basis for maintenance information such as maintenance task 
descriptions, associated resources, product/part description, test and calibration procedures, 
and decommission of product/part.  
3.4.3 Maintenance & Feedback 
Maintenance and Feedback referrers to the activity of performing maintenance and 
documenting performed maintenance. This area of PLCS covers the control of a products 
maintenance record. Maintenance activities performed on the applicable product and feedback 
from the performed activities are documented to support information about a products 
maintenance state. Information about maintenance state can include data about the products 
failure rates, repair times, spares usage, man hours, last service, etc. This information can be 
used to increase the knowledge regarding a products life cycle cost.  
 
Maintenance management uses the maintenance information along with the resources 
management information to schedule maintenance at a product level or class level. 
Maintenance management is supported by information about a products maintenance history 
regarding tasks performed and resource usage, to help scheduling of maintenance operations. 
Task instructions are generated from the task and maintenance history provided by PLCS. 
Maintenance history provides organizations with the availability of product reliability 
information and current state.  
3.4.4 Configuration Management 
Configuration management is the collective description of Configuration Identification (CI), 
Configuration Change Control (CC), Configuration Status Accounting (CSA) and 
Configuration Audit (CA). These are all aimed at covering the whole area of representing 
products unambiguous regardless of changes made to it, and support maintenance through this 
representation. PLCS also covers the configuration management for classes of products; that 
is it supports configuration management of designed products as well as manufactured 
products. This can help an organization to manage control over changes made to a product 
design and different design versions. Configuration management also relates products to 
applicable items and parts so that consequences of changes to other parts or products are 
identified.  
 
Configuration management helps solve these questions: 
• What has been designed 
• What has been built 
• What has been changed 
• What should be changed 
• What parts or items are related to the applicable product 
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Configuration management helps organizations to manufacture and maintain products in a 
controlled and managed form. Keeping accurate information about design will ensure that 
everyone in an organization always knows what the latest version of a product is and how is 
should be  
3.4.4.1 Configuration identification  
This area within PLCS covers unique product identification of products in different stats of 
their life cycle. The importance of proper identification is obvious when dealing with product 
support; it must be easy to distinguish between specific products that have been repaired and 
others that are still waiting for maintenance. This involves identifying different assemblies of 
a product. In some cases it is also necessary to distinguish between different product design 
and even different product types.  
 
Configuration identification involves organizing identification in according to a specified 
system and with naming guidelines. Each identifier uniquely identifies the configuration of 
the product as required, as designed, as manufactured, as used and as maintained. 
Identification also considers parts and other items related to a product in such a way as to 
identify them unambiguously.  
3.4.4.2 Configuration Change Control 
Change control aims at keeping track over changes made to a specific product from the need 
for change is detected. CC covers the process of proposing changes, approving changes and 
changing, to a specific product or line of products. The documenting of changes must be 
carried out in a systematic way ensuring that it is easy to manage information concerning 
product changes.  
3.5  PLCS Data EXchange Set (DEX) 
The exchange of DEXs and the business need covered by DEXs can be explained by an 
example: Organization A purchases a product from Manufacturer B, with the actual product 
follows information deliverables, in this case in the form of a populated DEX or a set of 
DEXs that cover the product information of the purchased product. The information is 
received by Organization A and added to their internal computer system making the 
information available to employees of A. When it is time for running maintenance on the 
acquired product this action can be performed by a third party support supplier, C. To be able 
to perform the task, C needs product information from A, this is sent in a populated DEX or a 
set of DEXs. After performing maintenance the complete set of actions performed on the 
product is added to the product information and sent back to organization A. A receives the 
DEX(s) and can instantly review all the maintenance activities performed on the product. This 
enables standardised information exchange, and gives Organisation A, the system owner, 
freedom to use different third party suppliers. 
 
Chapter 4 gives a more thorough description of Data EXchange sets.  
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4 Data EXchange set (DEX) 
ISO 10303/239 (PLCS) is a full ISO standard at the International Standard (IS) level. 
Development of Data Exchange Sets for this standard is managed by OASIS PLCS TC 
(Technical committee). DEXs are currently being developed.  
 
The data exchange sets are subsets of the PLCS model, meant to be used to exchange specific 
product information for a particular business need. Since each DEX covers a business need 
organizations can determine which DEXs to implement in order to cover its needs. The 
individual organizations can also tailor the implemented DEXs to fit their needs.   
4.1 DEX structure  
DEX development is managed by OASIS and carried out by companies and government 
organizations. The information in this chapter is volatile since the development of DEXs is 
ongoing. The actual number of DEXs and their explicit names are constantly reviewed as new 
issues arise.  
4.1.1 Defined DEXs 
At present eight DEXs are defined by OASIS, and are under development.  
 
• Product Breakdown for Support 
• Fault States 
• Task Set 
• Work package definition 
• Maintenance Plan 
• Operational Feedback 
• Product as individual  
• Work package report 
 
In addition some specialized DEXes are also being developed by the Norwegian Defence 
through Det Norske Veritas. These are specialisations of the OASIS defined DEXes. 
[DEXlib] 
4.1.2 Data EXchange Set Architecture 
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Figure 5 - DEX Framework 
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A DEX is built using capabilities which are used to describe a business concept. PLCS specific reference 
data is used to provide business specific reference data for the DEX. The exchange contract explains the 
content of a populated DEX. 
4.1.2.1 Reference data 
A set of general reference data is provided for PLCS in a Reference Data Library (RDL). In 
order for the reference data to be used in a given exchange DEX it must be specified towards 
the applicable business. The reference data is specified towards the business giving the two 
organizations exchanging data, a common context understanding. Reference data is explained 
below.  
4.1.2.2 Capability 
DEXs are built using a modular approach where capabilities are the building blocks. The 
capabilities are specific definitions of parts of the PLCS data model that are independent of 
business context and domain. The characteristics of capabilities make them reusable for 
development of DEXs, speeding up the DEX development and counteract ambiguity in the 
DEX definition. A specific Capability is a small part of the PLCS model performing some 
explicit function. Example: “Assign_identifiers” is used to assign unique identifiers to, among 
other, parts.   
 
“Reusability of a capability is solely based on the structural similarity of the instantiations; a 
Capability consists of a fixed set of entities, relationships, and internal, fixed-value 
attributes.“ [DEX Arch,2005] 
 
A capability can be identified as one of three types/families: 
 Representing – A full data set describing and classifying the target This would always 
include the provision of a referencing function 
 Referencing – Enabling a DEX to identify a target without the need to send the 
complete representation. This would always include an identification function.  
 Assigning – The ability to attach routine pieces of additional information, as required, 
to elements within a representation. (The use of “Assigning” as the introductory verb 
to the capability is not always appropriate and is therefore not mandated.)  
 
Content of a capability includes: 
 An introduction, explaining the nature and purpose of the capability  
 A business overview 
 A description of the information model used by the capability, with examples of its 
use 
 A full specification of the information model used by the capability, derived from the 
relevant AP 239 Implementation Module 
[DEX Arch,2005] 
4.1.2.3 Business Concepts 
A business concept is a representation of a need within a specific business. A DEX is defined 
to cover a given business concept. DEX “Identify a part and its constituent parts” is explained 
below giving an example of a DEX. This DEX represents a list of parts associated with a 
parent part in a given context. The context together with the information contained in the 
DEX shall cover a specific business need. This can for instance be: The Allowance part list 
for a frigate for maintenance operations.  
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A business concept is represented in PLCS with the following content: 
 Free text description of the business concept (What it is, context, characteristics, and 
difference from similar business concepts) 
 Textual mapping to the capability/capabilities that represent the concept.  
o Identify the entities and reference data used  
o Optional: formal mapping  
 Listing of applicable reference data 
 Description of the applicable reference data 
 Constraints 
 Instance diagram  
 Relation to other business concepts 
 Identification of the source for the definition/description of the business concept 
 Rules written in structured English 
 Hyperlinks to other business concepts, capabilities synonyms, homonyms etc.  
4.1.2.4 Exchange contract 
Exchange of a DEX between two organizations requires a general agreement on which DEX 
to use and what it shall contain. The exchange contract describes the content of the DEX prior 
to exchanging it.  
 
The exchange contract shall: 
 Identify the DEX and its version 
 Identify the relevant conformance classes (documented in the DEX) 
 Identify business concepts (which again refer to business specific sets of reference 
data) 
 Reference data library / ref data sources 
 Bounding scope of reference data 
 Data representation rules and constraints (for data validation) 
 Explanation of HOW that information is represented is defined in the capabilities 
[DEX Mod,2005] 
4.1.2.5 Conformance class 
Conformance classes are introduced in DEXs to narrow the scope of the DEXs. Conformance 
classes within a DEX are “subsets” of the DEX that contain a set of capabilities. These 
capabilities define the associated conformance class. A conformance class of a DEX can be 
identified as a separate DEX such as DEX 1.7 which is a conformance class of DEX 001.  
4.2 DEX ”Identify a part and its constituent parts” 
DEX “Identify a part and its constituent parts” is a specialization of DEX “Product 
breakdown for support”.  
 
This DEX “Identify a part and its constituent parts” describe a list of parts and its associated 
parts. An example can be that the parent part is a bicycle, and the child parts are wheels, 
breaks, frame, seat, gear, pedals, gear wheel, handlebars, and cycle fork. These child parts are 
directly linked to the bicycle as parts, this link can in DEX1.7 also hold properties and 
quantifiers. The quantifiers can tell how many of a given part is present in the Allowance part 
list.  
 
Master Thesis by Fredrik Lied Larsen, 2005, NTNU. 
Conformance testing of Data Exchange set implementations  
24 
Assign identifiers
Assign organization
Part
Context
Assign quantifiers
Constituent Parts
Documents
Relationship between
Part and Constituent
Parts
Assign identifiers
Assign organization
 
Figure 6 - DEX “Identify a part and its constituent parts” Overview 
A parent part (“Part”) is associated with a number of “Constituent parts through a relationship. The 
parts share a business context and are assigned identifiers.  
 
Figure 6 shows the business concept of DEX “Identify a part and its constituent parts” in a 
human understandable graphical form. All the main parts are shown but closer detail have 
been omitted. The key purpose of the DEX is to represent the relationship between parts from 
a parent child perspective. “Part” in the figure represents the parent part and “Constituent 
part” represents a child of the parent part, a parent can have an infinite number of children. 
The relationship between the parent part and the child part is shown along with a quantifier. 
The context box above the two parts represents the possible context the parts can be viewed 
in, for example maintenance. The relationship between a parent “Part” and its child “Part” is 
also associated with a Document as shown. Associated with both part, constituent part and 
relationship is an assign capability that assigns, among other, identifier and quantity 
information.  
4.2.1 Key entities for representing a part 
The parent part is compound of three parts, “Part”, “Part Version” and “Part view Definition” 
as shown in figure 7. “Part” is the top component, it represents the part or product as a type of 
part, and for instance it can be a bicycle. “Part Version” depicts the part or product version 
since a given product can occur in different versions. “Part view definition” defines the view 
context in which to interpret the part. These three components together make up a part. Child 
parts are made up of the same three components.   
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Figure 7 - Part structure 
A Part consists of part type (Part), part version (Part_version) and a view definition 
(part_view_definition). The view_definition_context describes the context the part and its constituent 
parts should be viewed in.  
 
4.2.2 Business concept overview 
“The business concept provides input data for risk and configuration management processes, 
and for all technical processes of the life cycle stages. Typical usage is to assess allocation of 
support requirements for product design, and the continuous review of recommendations for 
support tasks and resources. The business concept enables identification of support significant 
parts for a parent part, specific to its use in a system.” [DEX1.7concept] 
4.2.3 Components in DEX “Identify a part and its constituent parts” 
In the parent “Part” the component Part is associated with the same set of attributes as the 
child “Part”. The attributes are id, name and description. Instead the Part is associated with an 
“assign_identiers” capability that assigns identifiers to the part. Four different identifiers are 
associated with the part component of a “Part”, “System_supplier_part_accounting_code”, 
“Brand_name”, “Model_of_part” and “OEM_part_number”. Out of these only the 
“OEM_part_number” is a mandatory attribute, while the others are optional. This could be 
dependent on the change agreement for the exchange. 
 
Part_version is also associated with attributes with /IGNORE as value, but only one instance 
of identification code distinguish it, “Version_identification_code”. Part_view_definition is 
associated with “Allowance_part_list_code” which identifies the whole part list associated 
with one parent “Part”. The components and attributes are shown in Figure 7.  
 
Relationship between parts is described in the component “Promissory_usage”. 
“Promissory_usage” is linked to both the parent part and the child part, holding information 
about quantity of child parts among other things.  
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The child part linked to the parent part contains only the “OEM_part_number” in the part 
component. “Version_identification_code” is located within Part_version as in the parent part 
(though not the same value).  
 
More information on DEX “Identify a part and its constituent parts” is described in appendix 
D.  
4.3 Reference data  
Data exchanged in a DEX communicates information between two organizations. In order for 
the receiver to use the information received he needs to understand it. The actual value 
exchanged is referred to as the content of the DEX, however the content can not be fully 
understood without a shared understanding of the context between the sender and receiver. 
“Reference data is data used by one or more applications or project within the life cycle of a 
product, to which reference needs to be made.” This is Contextual information.  
 
Examples of reference data: 
 Exchange documents of type “XYZ” 
 Report of fault state “Failure mode 345” 
 Specify a task that requires a “nuclear welder” 
 Parts defined in parts catalogue 
[PLCS_Tech] 
 
Exchange with external reference data: The exchanged content is defined by explicit values 
plus reference to data held in an external library, accessible to the computers participating in 
the exchange. This external reference data may include: 
 Allowed values, defined using attribute_classification and external_class 
 Class definitions, defined using external_class 
[PLCS_Tech] 
 
Figure 8 show how a Reference Data Library (RDL) is related to the DEX exchange. The 
RDL is a shared database containing reference data concerning the content of the DEX. 
“Export” is an adapter that populates a DEX with the content of the legacy system. The 
legacy system is in this case (and the rest of the thesis) a computer system used by an 
organization. “Import” is an adapter that receives and interprets a DEX and adds the contents 
to the “Legacy system”. The RDL makes sure that all participants in the data exchange have a 
common understanding of the information exchanged.  
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Figure 8 - DEX exchange with Reference Data Library 
Exchange of Data Exchange Sets in ISO 10303-239 with a Reference Data Library with supplementing 
information.  
 
PLCS have defined a specific Reference Data Library (RDL) solution.  
 
PLCS uses the Web Ontology Language – OWL to develop the Reference data library. OWL 
was chosen to enable the RDL to be standardised, open, extensible, manageable and 
maintainable. OWL is a modelling language for adding semantics to the Web. XML is one of 
the syntaxes used in OWL.  
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5 Conformance testing 
5.1 Introduction 
During the last decades there has been a change from local to distributed computer systems. 
As a consequence of the problems encountered with information exchange across different 
computer systems, protocols have been established to enable information exchange. “A 
protocol describes the rules with which computer systems have to comply in their 
communication with other computer systems.” [Tretmans, 2001] Protocols are often 
standardized into international standards that formalize the requirements for the information 
exchange. One such international standard is ISO 10303 Standard for the Exchange of 
Product model data (STEP).  
 
In order to increase the chance that systems will interoperate correctly there is a need for 
testing of protocol implementations. This testing will test an implementation of a specific 
protocol against the specifications in the protocol to make sure that what is implemented is 
done correctly and works according to the requirements. Testing like this is called Protocol 
Conformance Testing and is described as an international standard in ISO 9646: 
“Conformance Testing Methodology and Framework” [ISO9646-1] 
5.2 Conformance testing 
The process of testing is concerned with finding errors not proving that errors don't exist since 
this is impossible. Testing can never be exhaustive due to limitations on testing time and 
testing environment, therefore it is not possible to prove complete correctness of an 
implementation. Protocol conformance testing ensures that an implementation of a protocol 
complies with the specifications of the protocol. If the protocol is implemented according to 
the specification this should greatly improve the probability that the system will communicate 
successfully with peer protocol implementations.  
 
Software testing is done with two different methods, functional testing and structural testing. 
Structural testing or white box testing, tests a computer program or system by exercising 
statements in the program code. This can be done by inspecting the code and making sure that 
all different paths through the program are being tested. Functional testing on the other hand 
treats the computer program or system as a black box for testing, therefore often referred to as 
black box testing. Black box testing is not concerned with the internal structure of the 
program, instead it is only concerned with the input and output from a program. Functional 
testing tests a program by giving input and observing the output from the program. Functional 
tests are derived based on the specification of the program. Protocol conformance testing is 
done using functional tests that check an implementation against a specification in order to 
determine if it complies with the requirements of the specification.  
 
For conformance testing to be possible it is important that there exist a correct and valid 
specification. Protocol validation is used to check that the specification describes the intended 
behaviour, however this is not covered by conformance testing. In conformance testing it is 
assumed that the protocol is complete and correct.  
 
Conformance testing is normally performed in a special environment where normal and 
exceptional use is simulated. This does not guarantee interoperability so products are 
sometimes tested in a more realistic environment, this is called an interoperability test and 
tests the interaction between two or more specific computer systems. Other possible tests are 
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performance testing, robustness testing and reliability testing. Performance testing measures 
the performance characteristics of the implementation such as its throughput, response time, 
number of transactions, and responsiveness under various conditions. Robustness testing 
determines how well an implementation processes data which contain errors. Reliability 
testing verifies how reliable the implementation is in use, measuring failure rates and mean 
time between failures etc. [ISO10303-1] 
5.3 Conformance testing process overview 
The process of conformance testing an implementation covers a range of different steps. 
Figure 9 shows the steps in the conformance test process and the relationship between the 
different steps. The steps on the right side of the figure show the process of developing an 
abstract test suite and transforming this into an executable test suite with the help of the 
information from the PICS (Protocol Implementation Conformance Statement) and PIXIT 
(Protocol Implementation Extra Information for Testing). The dynamic requirements are the 
basis for this part of the conformance test process.  
 
The left side of the figure shows the implementation of a standard according to the 
specification. The left side defines the Implementation to be tested with the PICS and PIXIT 
documentation.  The PICS and the PIXIT documentation are derived from the proforma for 
each of these. This part of the overall testing process is performed by the developer or client, 
where implementation is a prerequisite to testing.  
 
The centre of the figure shows first the standard specification with the dynamic and static 
requirements. At the bottom is the actual testing process with static conformance review and 
test execution. Test execution is the execution of the executable test suite defined on the right 
side of the model. After the static conformance review and the test execution the results are 
analyzed and a test report is created.  
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Figure 9 – Conformance test process overview 
The conformance test process is developed from the specification, the executable test cases are developed 
from the dynamic conformance requirements. The test campaign is performed with the PICS and PIXIT 
information together with the executable test case, resulting in a test report.  
5.4 Conformance testing Basics 
Three phases are defined within the conformance testing process. The first phase is the 
specification of an abstract test suite, the second phase is test implementation, and the last 
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phase is test execution. Finally, the test results are documented in the protocol conformance 
test report (PCTR).  
5.4.1 Conformance requirements 
Before an implementation can be tested it is necessary to establish what should be tested to 
make sure the implementation conforms to its specification. In ISO 9646 this is defined such 
that an implementation is in conformance if and only if it satisfies all explicitly mentioned 
conformance requirements from the standard. Conformance requirements are organized into 
different categories of requirements: 
1. Mandatory requirements must be satisfied in all cases 
2. Conditional requirements must be satisfied if the conditions for the requirement are 
fulfilled 
3. “Options are selected to suit the implementation, provided that any requirements to the 
option are observed” [ISO9646-1] 
 
Options in this form means that some of the requirements in the standard are optional and can 
be selected by the implementer, other requirements can be mandatory and must be 
implemented. Situations can occur where some  
 
Conformance testing requirements can state what the implementation shall do (positively 
requirements) and what an implementation shall not do (negatively requirements). Finally, the 
requirements are divided into two groups, static and dynamic requirements.  
5.4.1.1 Static requirements  
“Static conformance requirements are those that specify the limitations on the combinations 
of implemented capabilities permitted in a real system which is claimed to conform to the 
relevant base or profile specification(s).”, [ISO9646-1]. Limitations on the implementation 
are specified using static requirements that specify the minimum of capabilities to be 
implemented. Dependencies between the system and supporting services are also specified as 
static requirements. Static requirements limit the implementation on what to implement, but 
does not limit observable behaviour of the system.  
5.4.1.2 Dynamic requirements 
Dynamic requirements define which observable behaviour is permitted by the 
implementation. These requirements constitute the main part of an implementation, and the 
following conformance test. Dynamic requirements state what a system shall do, and what it 
shall not do. There must always be consistency between dynamic and static requirements.  
5.4.2 PICS and PIXIT 
Some extra information is needed to perform conformance testing. Such information is related 
to how and for what the testing should be performed, this information is stated in the Protocol 
Implementation Conformance statement (PICS) and the Protocol Implementation Extra 
Information for Testing (PIXIT). 
5.4.2.1 Protocol Implementation Conformance Statement (PICS) 
A protocol implementation is formed up by a set of capabilities defined in the specification. 
An implementer selects a set of these capabilities for implementation, this set defines the 
implementation and is what a tester tests after. The Protocol Implementation Conformance 
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Statement (PICS) lists all the options chosen by the implementer, so the tester knows what to 
test for.  
5.4.2.2 Protocol Implementation Extra Information for Testing (PIXIT) 
In addition to the PICS document, a Protocol Implementation Extra Information for Testing 
(PIXIT) document is submitted with the implementation. The PIXIT supplies the tester with 
extra information about the Implementation Under Test (IUT) and the System Under Test 
(SUT). The PICS and PIXIT documents are complementary, supplying the tester with 
sufficient information to perform testing. The PIXIT states information regarding the IUT and 
its testing environment. Both the PICS and PIXIT are developed using a proforma in the form 
of a questionnaire supplied by the testing laboratory. The PICS and PIXIT proforma is 
developed by the testing laboratory as a questionnaire regarding the IUT and its functionality.  
5.4.3 Tests 
ISO 9646 identifies four different types of tests related to conformance testing.  
1. Basic interconnection test 
2. Capability test 
3. Behaviour test 
4. Conformance resolution test 
5.4.3.1 Basic interconnection test 
Basic interconnection test provides basic testing of an Implementation Under Test (IUT). It is 
a limited test that determines whether or not there is sufficient conformance in the IUT to 
interconnect it. The basic test is performed as the first test to determine that the IUT supports 
enough functionality to justify starting a more thorough testing procedure. Severe errors can 
be found during basic interconnection testing, but is not sufficient to determine the cause of 
failures.  
5.4.3.2 Capability test 
Capability testing tests the IUT's static conformance requirements with regard to the PICS. 
The test checks that all the capabilities named in the PICS are also implemented in the IUT 
and that they are consistent with the static conformance requirements. Capability tests are 
executed as part of a conformance test procedure together with behaviour tests to determine 
conformance. As a standardized test set, capability tests can be executed as a separate test 
group or together with the behaviour tests.  
5.4.3.3 Behaviour tests 
Behaviour tests form the basis for judging an IUT against conformance requirements by 
testing the dynamic requirements of the specification. Together with the capability test the 
behaviour tests, tests the IUT for all conformance requirements within a feasible spectrum. 
Behaviour tests are executed to test the observable structure of the IUT and thereby cover all 
the dynamic requirements of the protocol.  
5.4.3.4 Conformance Resolution test 
Conformance resolution tests are executed to complement the standardized tests, capability 
and behaviour tests, in order to investigate the behaviour of the IUT closer. Resolution tests 
will be specifically selected towards a specific requirement in order to resolve whether that 
particular requirement is fulfilled by the IUT. This is outside the immediate scope of 
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conformance testing but is used when extra testing is deemed necessary in order to track 
failures or explore a test case more thoroughly.  
5.4.4 Test notation language 
It is recommended that test cases are defined using a formal test notation language. Formal 
languages are used to define requirements in a formal manner that is easily converted into 
program code for computer interpretation. In conformance testing it is similar; test cases are 
written using a formal language that states the test steps and/or test events in a formal manner. 
Formal means that the language follows a set of strict rules and a likewise stringent semantic 
structure. This prevents ambiguity and in the most extreme cases makes the test cases 
computer readable. The language recommended in ISO 9646 is TTCN (Tree and Tabular 
Combined Notation) which is defined in part 3 of this standard.  
5.4.4.1 Tree and tabular combined notation (TTCN) language 
TTCN was the name of the first version of this language; it has been revised twice resulting in 
the newest version, named Testing and Test Control Notation – version 3 (TTCN-3). TTCN is 
a language used for describing test cases in a formal notation. TTCN is a well tested and well 
used language, the lessons learned from using it has resulted in the newer versions like 
TTCN-3. TTCN-3 provides support for concurrent testing as the main difference from earlier 
versions.  
 
TTCN specifies the sequence of input and output events that is defined in the abstract test 
case.  
 
 
Figure 10 - TTCN example 
PDUs are sent between the LT to the UT as requests and responses. The indent where the test case 
terminates is assigned a verdict which will then apply to the test case. This indicates a phone connection 
request. 
 
Figure 10 describes a phone connection request test case in the TTCN language. The 
preamble sets the system in the prerequisite start position before the test case can begin. A 
connection request is sent by the lower tester LT and received by the Upper Tester.  
 
The figure shows how a test case can be represented in TTCN. Each line is a test event, and 
successive events are indicated by increasing the level of indentation, events on the same 
indentation level are alternatives. The sequence ends when the events with a verdict assigned 
to it terminates. The verdicts can be Pass, Fail, or Inconclusive behaviour; inconclusive 
indicates correct but not intended behaviour, such as a busy signal in the test case in figure 10. 
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5.5 Abstract test suites 
An abstract test suite is a set of test cases that is independent of the means of executing those 
test cases. The advantage with an abstract test suite is that since it is independent of 
implementations it can also be standardized for a specific protocol.  
 
5.5.1 Conformance requirements in OS base specification 
In order to develop the abstract test suite (ATS) the conformance requirements must be 
unambiguous and objective. Within OSI conformance testing part two, the development 
process for ATS’s is described. This process is done before developing the test purposes and 
the test suite structure.  
5.5.1.1 General requirements 
• Static and dynamic requirements must be specified separately 
• Conformance to a requirement must be clear 
• Able to decide whether the dynamic requirements are covered or not 
5.5.1.2 Conformance Clause 
• A base specification must include a clear and unambiguous conformance clause 
• Conformance clauses shall distinguish between references to clauses which state static 
conformance requirements, static conformance requirements of the base 
implementation and multi–specification dependencies.  
• Includes:  
 Act correctly upon receiving correct and incorrect sequences of PDUs. 
 Support initiation and acceptance of connection 
 Support receiving and sending, or both, of PDUs in connectionless protocols 
5.5.1.3 Multi-Specification Dependencies 
If a base specification needs non-mandatory features from another base specification this must 
be referenced in the Implementation conformance statement (ICS) proforma. Multi-
specification dependencies should only be used when it is necessary to maintain the integrity 
of the protocol.  
5.5.1.4  Requirements on ICS proforma 
 The ICS proforma is a questionnaire supplied by the tester and completed by the IUT 
supplier 
 “The ICS proforma shall cover all major mandatory requirements, all optional and 
conditional functions, elements of procedure, parameters, options, PDUs, timers, 
multi-specification dependencies and other capabilities identified in the base 
specification. “ [ISO9646-2] 
 There shall be a well-defined mapping from the ICS proforma to the static 
conformance requirements 
5.5.1.5 Abstract test suite specification process 
For specifying an Abstract test suite ISO 9646 gives some guidelines on some recommended 
steps. The first thing that needs to be done in order to arrive at an ATS is to uncover the 
conformance requirements needed to test. When the conformance requirements have been 
determined, the next step towards a complete ATS involves development of test purposes 
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from the conformance requirements. Test groups and test group objective can also be useful 
to define requirements for a section of test cases and then refining the test groups into a set of 
individual test cases.  
 
An important part of an ATS is the test method selected for the abstract testing context. These 
must be defined before the abstract test cases are specified. Requirements on the test method 
and context might also be determined at this stage of the procedure. Specification of abstract 
test cases is done with the use of a formal test notation language (as described above). After 
the test cases have been defined the ATS is almost finished except for discovery of any 
restrictions among the test cases. This can be on the order of execution, selection or 
parameterization of the test cases. Maintenance of the ATS is also covered in ISO 9646.  
5.5.2 Test suite structure and test purposes (TSS&TP) 
5.5.2.1 Test suite structure  
The test suite is a hierarchical structure as shown in figure 11. One test suite can contain any 
number of test groups that consists of test cases. The test case is the main structure of the test 
suite, specifying the testing of a specific test purpose. Test Steps and Test Events are subsets 
of a test case specifying actions taken to test a purpose. It is advised that the test suite is 
defined in terms of nested test groups in a top down manner.  
 
 
Figure 11 - Test suite structure 
A test suite is built up of test groups, test cases, test steps and test events.  
 
The test suite shall include test cases of a relevant subset of the following categories: 
a) Capability test (for static conformance requirements) 
b) Behaviour test of valid behaviour 
c) Behaviour test that investigate the reaction of the IUT to invalid test events 
d) Test focusing on the different roles of the IUT 
e) Test focusing on PDUs sent to the IUT 
f) Test focusing on PDUs received from the IUT 
g) Test focusing on the interaction between sent and received PDUs 
h) Tests related to each mandatory capability  
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i) Tests related to each optional capability  
j) Tests related to each protocol phase 
k) Variations in the test event occurring in a particular state 
l) Timing and timer variations 
m) PDU encoding variations 
n) Variations of values in individual parameters 
o) Variations in combinations of parameter values 
p) Combination of related requirements from more than one base specification 
q) Tests specific for multi-party behaviour 
[ISO9646-2] 
 
This list is not complete and may be extended with extra categories if needed. The test suite 
structure does not cover basic interconnection testing since this is outside the main scope of 
conformance testing.  
5.5.2.2 Test Purpose 
Test purposes are created from the test requirements, one test purpose for each conformance 
requirement except in the case of multi-protocol testing where it can be a set of requirements. 
The test specifier who defines the test purposes shall ensure, as far as possible, that the test 
purposes cover the specification adequately. Validity of test purposes is ensured by 
referencing each requirement to the base specification.  
 
ISO 9646-2 recommends defining test groups first and then refining those test groups into 
nested test groups or specific test purposes, defining a structured hierarchical test suite. Each 
test group should be described by text. The test purposes can be defined from clauses in the 
specification, protocol state table, PDU encoding definitions, parameters, or conformance 
requirements texts. If a test purpose covers a combination of requirements there should also 
be a distinct test purpose for each of the conformance requirements involved. The abstract test 
case following should be for the combination test purpose, however.  
5.5.2.3 TSS&TP compliance clause 
The TSS&TP shall include a compliance clause that states a minimum set of requirements on 
the ATS for it to be compliant with the ISO standard. The ATS shall consist of a set of test 
cases from the test purposes or a subset of these, a test suite structure that is a proper subset of 
the structure specified in the TSS&TP part. The compliance clause shall also maintain naming 
conventions through test groups and test cases, relationship between the test purposes, the ICS 
proforma and the IXIT proforma, and it must comply with ISO 9646.  
5.6 Test Methods 
In OSI conformance testing there is a need for several different test methods to cover the 
different configurations of implementations.  
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5.6.1 Classification of real open systems and IUTs for conformance 
testing  
5.6.1.1 System Under Test (SUT) 
 
Figure 12 – OSI Protocol SUT classifications 
The different SUT configurations are Complete open system, Partial open system and Open relay-system. 
 
 
Figure 13 – Combination of complete and partial open system 
 
 
Figure 12 shows three configurations of a SUT. “The SUT provides support to one or more 
OSI services which can underlie the IUT and which are provided over a Physical medium.  
a) Configuration 1: Complete open system (end-system) 
These systems use OSI standardized protocols within the IUT and if relevant above 
the IUT, up to and including one or more Application protocols. 
b) Configuration 2: Partial open system (end-system) 
These systems use OSI standardized protocols, within the IUT and if relevant above 
the IUT, to provide one or more OSI services. 
c) Configuration 3: Open relay-systems 
These use OSI standardized protocols to provide the relaying function in Network 
relay-systems or Application relay-systems. 
 
An SUT can be a combination of basic configurations 1 and 2, allowing the alternative of 
using OSI and non-OSI protocols above an OSI service (see Figure 13). [ISO9646-2] 
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5.6.1.2 Implementation Under Test (IUT) 
The part of the system under test that is subject to the actual testing is called the 
Implementation Under Test (IUT). The IUT is an implementation of one or several OSI 
protocols. If the IUT implements several protocols they are referred to as P1 to Pn. In the 
relay system configuration the IUT is multi-party. Conformance testing in STEP and PLCS is 
done in a single-party context therefore multi-party context will not be described further.  
 
The Implementation Under Test is a single protocol implementation. Conformance testing is 
performed upon this implementation according to the rules described in OSI 9646.  
5.6.1.3 Abstract testing functions 
 Lower tester provides indirect control and observation of the lower service boundary 
of the IUT via the underlying service-provider. In the sense of the test method 
explained later the Lower Tester is responsible for input to the IUT.  
 Upper tester provides during test execution, control and observation of the upper 
service boundary of the IUT. In the sense of the test method explained later the Upper 
Tester is responsible for control and observation of the output from the IUT. 
 Test coordination procedures (TCP) define explicitly and implicitly the rules for 
cooperation between the Lower tester and the Upper tester. The test coordination 
procedure is responsible for coordination between the input and output to the IUT. The 
execution and analysis of the test cases is managed within the TCP. 
5.6.1.4 Points of control and observation (PCOs) 
 
 
Figure 14 - Location of PCOs 
The PCOs are located where they can observe interaction with the IUT in the form of sent and received 
ASPs and PDUs.  
 
Figure 14 shows the interaction that occurs with the IUT in a testing campaign. The two 
interactions above and below the IUT can be observed and controlled from several different 
points. A possible point of control and observation (PCO) can be identified by three factors: 
a) A service boundary at which the test events are controlled and observed 
b) The set of test events (ASPs or PDUs) that are controlled and observed at this point 
c) Whether they are controlled and observed within the SUT or the test system 
[ISO9646-1] 
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Figure 15 shows possible PCOs in the OSI structure. All of these PCOs can be used for 
testing and some of them are selected for use in standardized abstract test methods. ASP 
means Abstract service primitive, while PDU means Protocol data unit.  
 
“The PCOs can be modelled as two queues:” 
a) One output queue for control of test events to be sent towards the IUT  
b) One input queue for the observation of test events received from the IUT 
[ISO9646-1] 
 
The ASPs below the IUT can be controlled and observed by a peer activity across an 
underlying service-provider. Above the IUT it is possible that the ASPs might not be 
observable or controllable in which case they are referred to as hidden.  
 
 
Figure 15 - Possible PCOs in OSI layers 
PCOs are usually located between protocol layers in OSI conformance testing.  
5.6.2 Abstract testing methodology 
There are two different classifications of testing methodology, Single Party testing (SPyT) 
and Multi-Party Testing (MPyT). The single-party testing context is used when the IUT only 
needs to communicate with one other real open system, while Multi-party testing is used 
when the IUT is required to communicate with multiple other real open systems. Both the 
SPyT and MPyT makes use of several abstract testing functions named the Lower tester (LT), 
Upper tester (UT), Lower Tester control function (LTCF), and Test coordination procedure 
(TCP). These are organized differently in the SPyT and MPyT context. In the SPyT context: 
 An Lower Tester which behaves as the peer real open system to the IUT, and assigns 
the verdict for the test case 
 A Upper tester behaving as a user of the IUT  
 Test Coordination Procedure between the Lower tester and the Upper tester 
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5.6.2.1 Abstract Test Method 
Every abstract test suite must be associated with one or more abstract test methods; each test 
case within the ATS is linked to an abstract test method. An abstract test method is a 
combination of the abstract test functions, LT, UT, LTCF and TCP, in either the SPyT or 
MPyT context. The relationships between the functions and the System Under Test (SUT) 
determine the test method within each context, together with PCOs, Abstract service 
primitives (ASP) and PDUs. The SPyT context defines four abstract test methods (ATMs), 
Local, Distributed, Coordinated and Remote. The MPyT context can use any combination of 
SPyT ATMs for LT/UT pairs, but UTs are not required, any combination of LTCF can be 
used.  
 
In accordance with this paper the abstract test methods applicable for conformance testing in 
PLCS/DEX are within the Single-Party testing context. Multi-Party Testing within OSI is too 
specific against protocols within OSI and is not reusable for PLCS. Even though there is 
nothing preventing data exchange between more then one client in PLCS, it is unnecessary to 
consider the option of broadcasting. Broadcasting is in no way in the scope of PLCS or the 
DEXs. Therefore the abstract test methods chapter will concentrate on the Single-Party test 
context for test methods. 
 
 The Test coordination procedure is used to achieve “synchronization between the LT and the 
UT and the management of information exchanged during the testing process. “ [ISO9646-2] 
5.6.2.1.1 Distributed test method 
Figure 16 shows the distributed test method. Input to the system is managed and sent from the 
Lower Tester as PDUs and/or ASPs. The input is received by the IUT and operations are done 
before the output ASPs are sent to the Upper Tester. The upper service boundary associated 
with the Upper tester can in this test method be a human operator located within the SUT, or a 
standardized programming language. The human operator can be viewed as a SUT operator 
and also perform the duty of the TCP. If the service boundary is a standardized programming 
language then the TCP is realized by the LT and UT together. The requirements for the TCP 
are specified in the ATS. The ATS shall not place requirements on the SUT. Requirements for 
the TCP shall be specified in the ATS but are realized locally within the test system. 
[ISO9646-2] 
 
Figure 16 - The Distributed test method 
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The Distributed test method has a UT within the SUT and an LT within the test system. They 
communicate and coordinate through a Test Coordination Procedure (TCP). 
5.6.2.1.2 Other single party test methods 
Three other test methods are identified for single party testing context. These are: 
 Local Test method  
 The coordinated test method 
 The remote test method 
5.6.2.1.3 OSI conformance testing towards STEP 
Local and Distributed are the only two test methods that assume that there is access to an 
upper service boundary. In the local test method the UT is in the test system not the SUT. In 
STEP this would not be the case, as explained in the next chapter. Therefore I believe that the 
Distributed test method is the one that is closes related to conformance testing methodology 
needed for STEP and PLCS. In both STEP and PLCS information will be transformed from 
one representation to another. Conformance testing will be different based on which way the 
transformation is done.  
 
OSI conformance testing assumes that the input to the IUT is standardized and predefined. In 
STEP and PLCS this is not the case for the Export test scenario (“pre-processor”, in STEP). 
The Export scenario gets input from some form of computer system or database application 
specific to the IUT. The test campaign will therefore also be different for the two test 
scenarios.  
 
The Import test scenario (”post-processor” in STEP) is similar to the distributed test method. 
This will is described in more detail in chapter 6.  
 
The Export scenario requires some adjustments to the distributed test method. The entering of 
input into the IUT is performed by human operator within the system, SUT operator. This 
requires that the LT is within the system while the output receiver is outside the SUT. This is 
explained in more detail in chapter 6.  
5.6.2.1.4 Multi-Party testing Context 
Multi-Party testing involves testing an OSI implementation designed to communicate with 
several parties. In this paper the scope is conformance testing of DEX implementations. This 
does not require that the implementation communicate with more than one other peer system. 
Therefore, the multi-party testing context is without relevance and will not be covered.  
5.7 Abstract test case 
The abstract test case is the main part of the abstract test suite that defines a conformance test. 
Each abstract test case shall test the IUT against a single test purpose covering one or more 
conformance requirements. The specification of a test case must describe all the test events 
and all sequences of these, in order to fully describe the necessary actions to execute a test 
case completely. If there is need for any steps to be performed in order to place the IUT in the 
right state before or after executing the test case, the abstract test case shall describe these.  
 
Abstract test cases should be specified using a test notation to ensure that interpretations are 
unambiguous. The abstract test method and context is also a part of the test case specification, 
SPyT or MPyT combined with an appropriate abstract test method. The sequence of test 
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events ends in different test verdicts that are predefined in the abstract test case according to 
the requirements. All possible paths should be assigned a verdict.  
 
If there exist one or more test purposes that are not covered by an abstract test case, this 
should be documented. The abstract test suite shall document all abstract test cases, and all 
test purposes that is not covered by an abstract test case, and the reason for this.  
5.8 Implementation and execution of abstract test suites 
5.8.1 Test Implementation 
Before a test suite can be executed it must be implemented since the abstract test suite is 
independent of any real testing devices. This is the second phase of the protocol conformance 
test process and it transforms the abstract test suite into an executable test suite. First of all the 
relevant tests are selected according to the PICS since there is no use in testing for capabilities 
that are not implemented. To be able to derive executable test cases more information is 
needed then what is provided in the PICS, Protocol Implementation eXtra Information for 
Testing (PIXIT) supplied along with the PICS for extra information. The PIXIT gives 
parameter values that are used together with the information from the PICS to form the 
executable test suite.  
5.8.2 Test execution 
Test execution is performed in a sequence of steps beginning with a static conformance 
review which checks that the PICS is consistent with the IUT and the implemented protocol 
specifications. The actual execution of the test cases is done secondly. All the test cases are 
executed and the behaviour is observed and a verdict is assigned according to the Pass, Fail, 
or Inconclusive. When all the test cases have been executed and verdicts have been assigned, 
the verdicts from all the test cases are combined leading to a final verdict on the complete 
IUT. The verdict is normally Pass if and only if no single test results in the verdict Fail. The 
results are all documented in the Protocol Conformance Test Report (PCTR). 
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6 STEP conformance testing 
6.1 Introduction 
ISO 10303 STEP has its main focus on conformance testing within parts 31-35. Each of these 
parts of the standard covers a different aspect of conformance testing for STEP 
implementations.  
• Part 31: Conformance testing methodology and framework: General concepts 
• Part 32: Conformance testing methodology and framework: Requirements on testing 
laboratories and clients 
• Part 33: Conformance testing methodology and framework: Abstract test suites 
• Part 34: Conformance testing methodology and framework: Abstract test methods for 
application protocol implementations 
• Part 35: Conformance testing methodology and framework: Abstract test methods for 
part 22 implementations 
 
Conformance testing in STEP is based on ISO 9646 as discussed in chapter 4. The parts of 
ISO 9646 form the basis for the equivalent parts in STEP, ISO 9646 is used as a basis for ISO 
10303-31 and so on up to ISO 10303-35.  
 
In addition to the guidelines on how to perform conformance testing represented in ISO 
10303-31 to 35, each application protocol is associated with an abstract test suite (ATS). An 
abstract test suite specifies test cases for testing an implementation of the applicable AP. The 
abstract test suites are organized in STEP under parts 300-400, each ATS links to an AP 
systematically from 301 linked to 201 and so on. 
 
STEP aims at achieving data exchange through a neutral format, forming a common backbone 
for data exchange. Through STEP it is possible to accomplish interoperability across 
organizations. However, to make sure that interoperability is accomplished it is necessary to 
confirm that implementations are done according to the relevant standard. As in OSI 
conformance testing this will not guarantee interoperability but it will greatly improve the 
probability of interoperability. 
 
Neutral file exchange of product data is the objective of the STEP standard. Conformance 
testing within STEP is important to verify that implementations are done according to the 
specifications described in the standard. Interoperability among STEP implementations can 
not be proven through conformance testing but the probability of fault free communication 
among systems that comply with the same standard, is greatly improved.  
 
This chapter builds upon chapter 5, Conformance testing, since STEP conformance testing is 
based upon OSI conformance testing. The parts of chapter 5 will be referred to without 
explanation if they where explained there.  
6.1.1 Conformance in STEP 
“Conformance testing is a type of testing defined as the testing of a candidate product for the 
existence of a specific characteristic required by a standard in order to determine the extent 
to which that product is a conforming implementation. It involves testing the capabilities of 
an implementation against both the conformance requirements in the relevant standard(s) 
and what the client states the implementation’s capabilities are.” [ISO10303-31] 
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Conformance testing in STEP tests implementations of the standard against the requirements 
stated in the standard. These conformance requirements determine whether or not the 
implementation under test (IUT) is in conformance with the specification. Complete 
conformance can never be proven based on the characteristics of conformance testing which 
makes exhaustive testing impossible. Conformance testing rather increases the chances of 
interoperability among communicating systems without the need for specific interoperability 
testing between two specific systems.  
 
As with OSI conformance testing, STEP conformance testing is performed on relevant parts 
of an abstract test suite. Abstract test suites are defined for the application protocols in STEP, 
defining a set of test cases for conformance testing of the applicable implementation. The 
conformance test tests the IUT against only the implemented functionality as stated by the 
developer.  
 
The purpose of conformance testing in STEP is to improve the chances of interoperability 
between implementations, and thereby also improve participant’s confidence in the 
implementation. ISO 10303 part 31-35 provide the basis for conformance testing of STEP 
implementations by presenting a common framework. This framework increases the 
confidence in the test and it ensures repeatability and comparability of the tests and results.  
6.2 STEP Conformance testing basics 
6.2.1 Conformance requirements  
Conformance requirements for STEP are organized in the same manner as for OSI 
conformance testing requirements in ISO 9646. Conformance requirements can be positively 
or negatively, representing mandatory, conditional and optional requirements. However there 
is no distinction between static and dynamic requirements in STEP. Conformance 
requirements were described in chapter 5.4.1.  
6.2.2 PICS and PIXIT 
6.2.2.1 Protocol Implementation Conformance Statement (PICS)  
In order to test an implementation for conformance it is necessary to have relevant 
information about what capabilities have been selected for the implementation. Information 
about relevant conformance requirements is documented in the PICS. The PICS gives the 
testing laboratory a better understanding of the IUT and the System Under Test (SUT) and it 
identifies the boundaries of the domain of testing. The PICS is generated using a 
questionnaire called the PICS proforma.  
6.2.2.2 Protocol Implementation Extra Information for Testing (PIXIT) 
As in ISO 9646 there is a need for extra information concerning the IUT and SUT. This 
information is stated in the PIXIT document. The PIXIT must be consistent with the PICS, 
this consistency is checked at the preparation phase of conformance testing. While the PICS is 
concerned with information about the domain of testing, the PIXIT gives information on how 
to perform testing. Environmental constraints and requirements concerning the SUT are stated 
in the PIXIT. 
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6.2.3 Types of Conformance tests 
ISO 10303 defines two different, but consistent, tests, basic tests and capability tests. Basic 
tests are defined in the same manner as within ISO 9646. They form preliminary tests that are 
optional to include in a test scenario. Basic tests in STEP are less complex than capability 
tests and are used to form an early indication to whether or not thorough testing is 
recommended.  
 
Capability tests are the main tests used for determining conformance for an IUT. They can be 
compared to behaviour tests in ISO 9646 since STEP does not consider static and dynamic 
requirements. Capability tests exercise an IUT thoroughly according to the requirements 
stated in the PICS. The tests and test results generated from the capability tests determine 
whether or not an IUT conforms to STEP or not.  
 
As an amendment to basic testing and capability testing, STEP also mentions Resolution 
testing. Resolution testing is added to the standard as an appendix. Resolution testing was 
described in chapter 5.  
6.3 Abstract test suite 
Part 33 in ISO 10303 describes abstract test suites for use in the conformance testing of 
implementations. An abstract test suite is organized hierarchically as described in chapter 5 
figure 11. The top level is the abstract test suite which is divided into test groups, test cases, 
test steps and test events. The most important part of the abstract test suite is the abstract test 
case. Each abstract test case addresses one or more conformance requirements and associated 
test purpose. A verdict criterion is documented along with each abstract test case, specifying 
the requirements for assigning a Pass or Fail verdict to the test case.   
 
Abstract test suites are standardized according to a common test methodology and appropriate 
test methods and procedures. Each AP has an abstract test suite associated with it. By 
standardizing abstract test suites to each AP leads to comparability and repeatability of test 
campaigns, ensuring wider acceptance of the outcome.  
 
“An abstract test suite for each AP is developed and is the complete set of abstract test cases 
embodying all test purposes necessary to perform conformance testing of an AP 
implementation. Abstract test cases are independent of implementations and are used to 
produce comparable results from the conformance testing of different implementations.” 
[ISO10303-33] 
 
6.3.1 Test purpose 
An abstract test suite must contain test purposes for all conformance requirements applicable 
to the AP. Test requirements are derived from each ARM information requirement and AIM 
element in the AP. If some test purpose is not relevant to conformance testing it shall still be 
identified and documented but with a note to its effect in addition. In addition to these sources 
for requirements, the AP can derive requirements from normative references and other 
miscellaneous requirements. The test purposes are documented using an identification method 
of a number and a character string representing the source of the purpose.  
 
Each test purpose is the source for at least one abstract test case and a verdict criteria. The 
verdict criteria give guidance on the assignment of a verdict to a test purpose when it is 
executed. If the test purpose is used in more than one abstract test case it is documented as a 
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domain test purpose and the specialization is indicated. Each test purpose references the 
abstract test cases that are derived from that test purpose. As a minimum for the abstract test 
suite is the test purposes derived from the ARM.  
6.3.2 Abstract test cases 
An abstract test case contains: 
1. An identifier, a unique identifier within the abstract test suite. 
2. Test case summary, if the input specifications are defined using a formal language 
the test case shall include a test case summary to give a concise description of the 
input. If the input specification is defined using natural language this summary is 
optional.  
3. List of test purposes for which a verdict criterion have been assigned, optionally also 
for test purposes without a verdict criteria for the abstract test case.  Distinction 
between the test purposes with verdict criterions and the one without must be 
provided.   
4. Input specification, complete, unambiguous and independent, descriptions of 
input/output relationships to test the abstract test case. In formal or neutral language.  
5. Verdict criteria applicable to each test purpose are identified.  
6. Additional information can include execution details or order, and sequence 
construction. 
6.4 Abstract test methods 
In order to produce an executable test suite from an abstract test suite a choice of test method 
must be made. STEP describes two abstract test methods for use in conformance testing of 
STEP implementations; one for the generation of the exchange structure, pre-processor, and 
one for the interpretation of the exchange, post-processor. 
 
“The basic approach of both test methods is that an IUT is supplied an ISO 10303 application 
protocol instance model in one format and is expected to translate the instance model into 
another format while observing the rules of the application protocol structures and 
maintaining instance model semantics. “ [ISO10303-34] 
 
 
Figure 17 – Test method actors 
The Test Engine and the SUT operator are responsible for stimulating the IUT with input and observing 
the output.  
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The actors involved in the testing structure are the IUT, SUT operator and Test Engine as 
shown in figure 17. The IUT (Implementation Under Test) is the implementation to be tested. 
The IUT is located within an SUT that needs to be operated by an operator, giving access to 
the IUT. The SUT operator communicates directly with the IUT through a format defined by 
the IUT. This information exchange can be performed by a human operator in the role of the 
SUT operator.  
 
The test engine is the system that executes and analyses the test cases. Communication is 
done with the IUT both directly through STEP defined format and indirectly through the SUT 
operator. The SUT operator is in that case an interface between the Test engine and the IUT. 
The test engine is the control and communication function in the test procedure.  
 
Testing of STEP implementations are done on either ISO 10303-21 or ISO 10303-22 pre-
processor, or ISO 10303-21 or ISO 10303-22 post-processor. ISO 10303-21 is the part 21 file 
defined in STEP, while ISO 10303-22 is Standard Data Interface Access (SDAI) defined in 
STEP.  
 
Both test structures are executed after the test procedure explained later in this chapter. 
Preparation is performed before any test execution is undertaken.  
6.4.1 Pre-processor test method 
The pre-processor test model is depicted in figure 18. Pre-processor implementations produce 
an output in accordance with the STEP standard. The input format is implementation 
dependent so the SUT operator is essential in order to ensure that the input is done correctly.  
 
 
Figure 18 – Pre-processor test method 
For Pre-processors the Test engine determines what input the SUT operator shall give the IUT, before 
observing the associated output.  
 
Input to the pre-processor test is in the form of a human readable instance model from an 
Executable Test Case (ETC). The instance model can be either text, or text and graphics, in 
electronic or paper format. Optionally a specific description of how to create the instance 
model in the IUT is provided. The input is provided by the testing laboratory (1) and entered 
into the IUT by the SUT operator. (2) 
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The input entered into the IUT is monitored for accuracy control in the conformance log, 
deviations shall be analysed. If any data is incorrectly entered according to the ETC, the data 
shall be re-entered and the test case re-run, if this is for some reason not feasible it shall be 
reported as Inconclusive. The integrity of the input specification shall be maintained and 
documented, but STEP does not explicitly state how to do this.  
 
When the input is completed, the IUT shall generate the specified output structure in the 
format of a P21 file or SDAI. “Pre-processor parameters identified in the ATC and resolved 
during testing preparations shall be applied to the IUT.” [ISO10303-34] The output structure 
from the IUT is the instance that is tested in the analysis phase, (3).  
 
6.4.1.1 Analysis 
The output structure from the pre-processor is analysed using a number of different methods. 
The analysis phase aims at discovering any inconsistencies between input and output, caused 
by the IUT. During the inconsistency checks, verdicts are assigned to the ETCs. If a single 
verdict criterion within an ETC fails the whole ETC fails and further testing can be 
terminated.  
6.4.1.1.1 Syntax analysis 
The first part of the analysis process is to determine if the output structure is in accordance 
with the appropriate STEP structure. This is called the syntax analysis of the conformance 
test.  
6.4.1.1.2 Structure analysis 
Structure analysis examines the instance model in the exchange structure against the schema 
and other requirements of the associated application protocol. “The objective is to decide 
whether the instance elements and their structuring, represented in the instance model, are 
those permitted as defined in the Application Interpret Model and conformance classes of the 
AP. “[ISO10303-34] 
 
Structure analysis tries to determine whether or not the instance model in the exchange 
structure is in conformance with the AP. The instance element structures and their 
relationships are specified in the AP, and the instance model must follow the rules stated in 
the AP. Invalid relationships include violation of AP rules, informal propositions and 
conformance class constraints. [ISO10303-34] 
6.4.1.1.3 Semantic analysis 
The last form of analysis methods used for pre-processor testing is semantic analysis. 
Semantic analysis is concerned with the information maintained in the exchange structure 
instance model. The application protocol defines and supports specific semantics and this test 
checks whether or not these semantics have been conveyed accurately into the exchange 
format. The ETC makes use of the AP’s semantics and it is the ETC semantics that is under 
review, the ETC verdict criteria describe these semantics. A verdict criterion can be specified 
in the form of numerical values, classification categories, computations or operations, or other 
specific measurement techniques. [ISO10303-34] The ETC has some content (semantic 
meaning) that needs to be correctly conveyed in the STEP exchange structure. 
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Semantic errors can be either permutations of values or concept specific. Permutation errors 
occur when an input value is altered in the pre-processor and can not be identified in the 
output. A concept specific error occurs when an entity must be viewed in a specific concept 
and this concept is lost in the pre-processor. The ETC identifies the requirements for verdict 
assignment to the different test purposes within the ETC.  
 
The list of semantic analysis methods is not exhaustive and other methods can be used. If 
other methods are used this should be documented in the conformance log.  
6.4.1.2 Verdict assignment and conformance test report 
Verdict assignment and conformance test report production is covered below.  
6.4.2 Post-processor test method 
As for pre-processor test method, test preparation is a prerequisite to the test execution and 
analysis. The input to the post-processor is in the form of a pre-defined STEP format 
containing an instance model, in either ISO 10303-21 or ISO 10303-22 format, (1). The input 
is assumed to be correct, and it is provided by the testing laboratory based on information in 
the ATS, PICS, PIXIT and the AP.   
 
 
Figure 19 – Post-processor test method 
For post-processor testing the Test engine send the input to the IUT and observes the output through the 
SUT operator. 
 
“ATC parameters identified during the preparation for testing shall be applied to the IUT and 
the exchange structure input to the IUT.” [ISO10303-34] Deviations in the information 
communicated are sought by querying the IUT indirectly via the SUT operator, (2 and 3). 
This means that the queries come from the testing laboratory but are executed on the SUT by 
the SUT operator. Problems and deviations are documented in the conformance log.   
6.4.2.1 Analysis 
Analysis of the post-processor implementations is done using Semantic analysis since no 
output format is defined. The method used is in the form of semantic queries that are human 
interpretable.  As with pre-processor analysis verdicts are assigned during the phase and can 
terminate the process if a Fail is discovered.  
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6.4.2.1.1 Input handling analysis 
Input handling analysis test the IUT by manipulating inputs to the system and observing the 
results. The input can be valid, invalid or syntactically invalid, and in each case the output is 
observed and compared to predefined expected output. With a valid input there shall not exist 
any errors, however with invalid elements or invalid syntax, the IUT shall generate an error 
response. Invalid elements and syntax are derived from the AP.  
 
If the testing reveals any handling or error responses not documented in the AP, this should be 
identified in the PIXIT and added to the conformance report.  
6.4.2.1.2 Semantic analysis 
Semantic analysis as used for pre-processor is also partly applicable for post-processor 
testing, although with some adjustments. A set of queries are done on the IUT in order to 
determine whether or not expected semantics are found. The expected semantics are identified 
as verdict criteria. “These semantics are permitted by the information requirements clause of 
each AP and qualified by the conformance requirements clause.” [ISO10303-34] 
 
The queries must be entered into the IUT by the SUT operator since post-processor output is 
not bound to any particular encoding. The test engine provides the SUT operator with the test 
queries. The queries comprise a structured and extensive part of the AP parts that are 
applicable to the testing. Test response from SUT operator queries is sent to the test engine 
for analysis in a test engine defined format.  
6.4.2.2 Verdict assignment and conformance test report 
Verdict assignment and conformance test report production is covered below.  
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6.5 Testing Process 
The testing process is described somewhat differently from the one in ISO 9646, figure 20 
shows the process. This process defines the steps taken for an actual IUT test, it is not  
 
 
Figure 20 - Conformance assessment process 
STEP conformance testing has four phases, Preparation, Test campaign, Analysis and Test report 
production.  
 
concerned with development of abstract test suites rather it is based upon the existence of one. 
The input to the preparation for testing phase is the abstract test suite, PICS- and PIXIT- 
proforma. The different phases are explained below.  
 
The overview of the test procedure is defined to ensure that the results are repeatable, 
comparable and auditable. Repeatable in this sense imply that testing can be repeated at 
another time and that the result should be the same. This gives confidence in the result.  
 
The results are comparable between different test instances testing the same implementation. 
The standardized test process, from development of test cases to execution and test report 
production, ensure that the test procedure can be repeated by another test instance. 
Standardization of the test process increases the chances that testing done by different testing 
instances will yield the same result. Again this helps us trust that the results are correct and 
independent of testing laboratory.  
 
Auditable results are achieved through the conformance log. The conformance log keeps track 
of all information regarding the development and execution of the test procedure. Review of 
the conformance log can ensure that the testing has been done according to the specifications, 
aiding future conformance test procedures.  
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6.5.1 Preparation for testing 
Preparation for testing is the first phase of the testing process. This phase involves: 
a) Production of administrative information ; 
b) Production of PICS and PIXIT; 
c) Identification of abstract test methods (for the IUT’s implementation methods) and 
abstract test suite; 
d) A PICS review conducted by analysing the PICS with respect to the relevant 
conformance requirements; 
e) A PIXIT review which includes consistency check against the PICS; 
f) Initial abstract test case selection and assignment of parameter values based on the 
PICS and PIXIT; 
g) Preparation of the SUT; 
h) Final abstract test case selection and assignment of parameter values based on the 
PICS and PIXIT. 
[ISO10303-31] 
 
The process is initiated with a request for testing, this could stem from either a developer or a 
customer procuring the implementation. The control input for this part of the process is the 
predefined abstract test suite and the PICS- and PIXIT- proforma. The result from this phase 
of the process is an executable test suite derived from the abstract test suite, (steps f and h 
above). Along with the executable test suite PICS, PIXIT documentation, and other 
administrative information is produced in the preparation for testing phase.  
6.5.2 Test campaign 
The second phase of the test process is the actual test campaign. The input to this phase is the 
executable test suite derived in phase one, together with the SUT, the control input is the 
abstract test method and the remaining output from phase one. The test campaign executes the 
executable test suite and records the observable results. All the test cases in the test suite are 
executed in this phase of the process, and the output is the observable results and the 
conformance log. The test campaign can include basic tests as well as the mandatory 
capability tests. During the test campaign no changes can be made to the IUT or the ETS 
except where an ETC is determined to be in error.  
6.5.3 Test analysis 
After the test campaign there is a need for analysis of the test results recorded during that 
phase. In this phase of the test process the test results are analysed according to the predefined 
verdict criteria from the abstract test cases. The test verdict is stated as pass, fail, or 
inconclusive. Pass means that the observed outcome matches that of the verdict criteria from 
the abstract test suite. This again means that the test requirement is covered and gives 
evidence of conformance. A Pass verdict shall only be assigned to an ETC if all the verdict 
criteria are assigned a pass verdict. A fail means that the IUT displays non-conformance 
against the applicable requirement, assigned if one or more occurrence of fail is found among 
the verdict criteria. Inconclusive is different from both pass and fail since it means that no 
conclusive verdict can be assigned to the test case. This can be the case if there is an error in 
the test case. Inconclusive is assigned in the same manner as fail.  The output is all the 
assigned verdicts according to test case. “The verdicts assigned shall then be synthesised into 
an overall summary for the IUT” [ISO10303-31] 
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6.5.4 Conformance test report production 
After all the test cases have been assigned a verdict a conformance test report is produced. 
The control input for this part is all the verdicts, the PICS and PIXIT, abstract test suite and 
administrative information. ISO 10303-32 gives a proforma for the production of the test 
report; this includes a summary part and a detailed part. The first part is a summary of the 
conformance status of the IUT. The second part gives all the results of the test campaign. The 
report also gives reference to the conformance log for additional information about the test 
procedure.  
6.6 Summary 
The STEP standard formalized a method for information exchange between different 
computer systems. Conformance testing of STEP implementations is important to ensure 
flawless data exchange in the specified neutral file format. Testing can be performed on pre-
processor or post-processor implementations.  
 
PLCS is an extension of STEP, providing support for life cycle product information 
exchange. Data exchange in PLCS is done through Data EXchange sets (DEXs) and involves 
a set of adapters similar to pre-processor and post-processor for STEP. Pre-processor testing 
is referred to as Export testing when it comes to PLCS, and post-processor testing is named 
Import testing. STEP data exchange does not involve DEXs but the concept is the same, 
transformation of information representation from one format into another.  
 
Conformance testing of STEP implementations involves execution of information 
representation transformations while observing the rules of the specification. The close 
resemblance between PLCS and STEP indicates that STEP conformance testing provides 
usable information towards conformance testing of PLCS data exchange. This will be 
investigated in the next two chapters.   
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7 Testing Methodology for DEX 
7.1 Introduction 
ISO 10303-239 is a recent addition to the STEP family of standards and there are still lots of 
unsolved questions surrounding the use of it. DEX development is ongoing and aiming at 
providing businesses with the ability to exchange product data throughout the life cycle of a 
product. As each DEX has a different scope and covers different business needs the 
implementations will differ.  
 
Conformance testing in STEP identifies how testing should be performed for STEP 
implementations. ISO 10303-239 and DEXs are a part of the STEP family that extend the 
standard in the life cycle area. The structure of AP239 is built using some of the building 
blocks from STEP. However it is not completely the same structure, DEXs are an extension 
only defined within AP239. Conformance testing is aimed at these DEXs since they are the 
subject for implementation, ISO 10303-239 can be implemented but that is not in the scope 
for this paper.  
 
Through chapters 2 STEP, 3 ISO 10303-239, 4 DEX, 5 Conformance testing and 6 STEP 
conformance testing, have been explained. Chapters 2-4 form the background information 
into the testing domain, setting the business needs for conformance testing. Chapter 5 and 6 
form the theoretical basis for conformance testing of DEX specification implementations, 
which is covered in this chapter.   
7.2 Testing outline 
Conformance testing is the testing of an implementation of a standard against the 
specifications of it in order to determine whether the implementation is compliant with the 
standard. In STEP this is done by testing an implementation for conformance to an 
application protocol, AP. The implementation of the AP is a subset of the AP capabilities and 
the conformance test of that implementation is adapted to fit this. The specific conformance 
test is based upon a predefined abstract test suite methodology that gives common guidelines 
for conformance testing of STEP implementations.  
 
Abstract test suites are capital parts of the STEP standard defining rules and test cases for the 
associated application protocols. In order to use the functionality of an AP it must be 
implemented. The implementation includes selection of which capabilities to implement to 
get the desired functionality from the implemented system. Testing of this implementation 
must be performed on the implemented parts not the whole AP; this is explained in chapter 6. 
 
Conformance testing in STEP is distinguished between pre-processor and post-processor 
implementations. Pre-processor is the creation of the exchange file from some sort of legacy 
system. Post-processor is the receiving of the exchange file and interpreting this into some 
sort of legacy format that can be stored at the receiver end. For DEX exchange the structure is 
similar, as shown in figure 21. A legacy system is located at each end of the data exchange, to 
symbolise organization specific computer systems. In order to send some portion of data as a 
DEX, there is a need for an adapter. The adapter populates a DEX with the data from the 
sender’s legacy system. On the receiver end there is need for another adapter, capable of 
interpreting the populated DEX and placing the data correctly in the legacy system on the 
receiver end. The two adapters are named differently in the figure, Export indicates the 
Master Thesis by Fredrik Lied Larsen, 2005, NTNU. 
Conformance testing of Data Exchange set implementations  
55 
process of populating a DEX from the legacy data, while Import indicates the interpreting and 
storing of DEX data into a legacy system.  
 
 
Figure 21 - DEX exchange overview 
A DEX is populated in an Export adapter and sent to another organization as a file. The receiving end 
interprets the populated DEX and adds the content to their legacy system.  
 
Another main difference between STEP and AP239 is the introduction of a Reference Data 
Library (RDL). The RDL is used to ensure a common interpretation across the exchange 
process as explained in chapter 4.  
7.3 Testing methodology 
The structure of ISO 10303-239 and the DEX exchange methodology shares a close 
resemblance with the STEP standard. Conformance testing of STEP describes a basis for 
testing of STEP implementations that, because of the close resemblance between AP239 and 
STEP, can be used for determining conformance testing for DEX implementations.  
 
In DEX conformance testing two possible implementations have been identified, Import and 
Export. Both of the identified implementations are adapters that receive data in one format 
and translate them into another format. The Export adapter is implemented as an extension to 
computer systems already in use by an organization. The existing computer system is referred 
to as the organizations Legacy system. The Export adapter is designed to generate a specific 
populated DEX from the data stored in the legacy system. The Import adapter is as the Export 
adapter implemented as an extension to a legacy system. It receives a populated DEX and 
interprets it according to specified rules. The data elements from the DEX are then placed in 
correctly in the legacy system.  
 
Conformance testing of STEP AP implementations is performed on pre-processor and post-
processor. For DEX conformance testing it is the same; only pre-processor is referred to as 
Export and post-processor is Import. Conformance testing must then distinguish between 
import and export implementations.  
7.3.1 Assumptions 
Conformance testing of DEX implementations can be performed by adapter developers, 
adapter purchasers and testing laboratories. It is recommended that developers perform testing 
on their implementations prior to release to minimize errors. Client testing can be performed 
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in order to verify the implementation against client requirements. Testing laboratories, 
however, provide an independent third party opinion about the suitability of the IUT.    
 
In this thesis conformance testing for DEX implementations is assumed to be performed by a 
third party independent testing laboratory. Testing laboratories develop test cases and test data 
sets for use in test campaigns according to conformance test specifications. Requirements on 
testing laboratories and clients are described in Appendix B. 
7.3.2 Identified tests  
Figure 22 shows the DEX exchange process from figure 21 with added tests. The import 
adapter is the target for test 1, while test 2 covers the export adapter. Test 3 is an additional 
test that provides a more limited test scenario. Test 4 is aimed at user acceptance and is not 
really a part of the conformance test methods, however it is possible to imagine circumstances 
that requires acceptance testing as an addition. The tests are explained below.  
 
 
Figure 22 - DEX exchange tests. 
The different tests identified to test DEX adapter implementations are numbered 1-4.  
7.3.3 DEX test data set 
In order to perform test 1 and 3 a predefined data test set is needed for the populated DEX. 
Such a test data set can be developed by the testing laboratory or as a part of an abstract test 
suite for a certain DEX. This test data set must be developed under strict rules to ensure that 
the resulting populated DEX is correct according to the specifications. The test DEX shall be 
used to provide input to the adapter in the Import test scenario and the Comparison test 
scenario.  
 
DEX test data sets can be presented in either ISO 10303-21 format or XML according to ISO 
10303-28. Two major categories have been identified, Simple or Artificial or Production. 
“Production data sets will be based on “real life” data and will have been written by a 
software implementation. Simple or Artificial data sets are those designed primarily for the 
purposes of either documentation or testing. Such data sets may, of necessity, be "hand-
coded." To assure “Independence of format”, it is suggested that the following criteria are 
applied: 
 
 Is the content of the data set within the scope of the DEX? 
 Is there supporting documentation? 
o Text description of content 
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o Instance diagram (possibly only for simpler data sets) 
o Supporting illustrations where appropriate. 
 Is the data set syntactically correct according to the relevant format’s rules? 
 Does the data set properly correspond to the data model for the DEX? 
 Does the data set properly correspond to the data model for AP239? 
 Is the meta data defined in the data set? (File header) 
 Where a data set has been created by a software system with import (read) capability, 
has the data set been successfully re-imported? (The so-called loop-back test.) 
 Has the data set successfully been processed by 2 or more implementations, excluding 
the creating system? The implementations should themselves claim to support the 
same DEX. 
[FrameQA]  
7.4  Import test methodology 
The Import test in figure 23 is numbered test 1 in figure 22. This test is aimed at testing the 
import adapter’s ability to receive and interpret a populated DEX correct and add the 
information into the legacy system. The DEX is populated with correct information according 
to the exchange agreement. For testing it is important that the received DEX is complete and 
correct, this is a prerequisite to this test, and the testing laboratory is responsible for providing 
this DEX.  
 
 
Figure 23 – Import test methodology overview 
Conformance testing of an Import adapter sends a populated DEX to the Import adapter where it is 
interpreted and stored in the legacy system. The content is then compared with the content of the input 
DEX.  
 
The structure of the import test is shown in figure 23. The left side of the figure is not 
important in this figure, the database structure (green colour in the figure) only symbolises 
that the DEX originates from a legacy system in an actual data exchange. In a testing of the 
import implementation, however the populated DEX is provided complete and correct by the 
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testing laboratory. Since this testing is created to test the process of adding the information 
contained in the DEX to the receiving legacy system, a complete and correct DEX is needed.  
 
Tree actors have been identified in this test scenario, test expert, test system and legacy 
expert. The test expert is familiar with the DEX format (PLCS) and is able to execute queries 
on the content of the DEX. The legacy expert can run equal queries on the legacy system. The 
testing system in this figure is the functionality that compares the results from the two queries.  
7.4.1 Testing structure 
Figure 24 shows the structure of the test actors in an import conformance test. As opposed to 
figure 23 the test system and test expert is incorporated into one entity, the test engine. The 
test engine is used to link this structure to that described in chapter 6, with a Test Engine, 
SUT operator and an IUT. The SUT operator is the same as the legacy expert in figure 23. 
The IUT is the import adapter and the implementation that is subject to the test.  
 
 
Figure 24 – Import testing actors and sequence of testing 
The Test engine sends the populated DEX to the IUT. Testing is then done by querying the legacy system 
with predefined queries specified in the Test engine, the results are compared with the input.  
 
The numbers in the figure explain the sequence and steps involved in conformance testing the 
import adapter. Input to the adapter is a populated DEX generated and provided by the testing 
laboratory, step 1. Upon receiving the DEX, the IUT interprets the content and adds it to the 
legacy system, this part of the process is performed without observation. When the data 
contained in the DEX is added to the legacy system the testing can be performed on that data. 
The test engine can not communicate directly with the legacy system since this can be unique 
for each conformance test.  
 
To ease the process of entering and querying the legacy system in a testing laboratory it might 
be advisable to replicate the legacy system. The replicate of the legacy system could be empty 
as long as the structure of the real legacy system is applied.  
 
A set of abstract test cases form the basis for the testing performed on the IUT in step 2-4. 
Based on identified test requirements from the DEX specification test purposes have been 
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identified. The test purposes are covered in the test cases according to the rules stated in 
chapter 5 and 6, “Conformance testing” and “STEP conformance testing”.  
 
Each test case specifies how a single test purpose can be tested in this implementation. The 
test cases specify a query for testing the test purpose. The description of the query is 
communicated to the SUT operator in a human readable format, step 2. The SUT operator 
must then perform the necessary query actions to obtain the requested information from the 
legacy system, step 3. The result of the query is sent back to the test engine in step 4 through a 
format defined by the test laboratory and the SUT operator. The received query result is then 
compared with the result of an equal query performed on the input DEX.    
 
In order to test the implementation more thoroughly it is advisable to rerun the test with more 
test sets. The import implementation is specified towards one specific DEX so the input is 
always the same DEX. However different parts of the input DEX can be populated, since not 
all fields are mandatory. By only populating the mandatory fields, the IUT is tested for a 
different situation. Testing the IUT against a wrongly populated DEX is another possibility. 
This is to check whether or not the IUT can detect missing or wrong information in the DEX. 
Missing information can be to omit a mandatory field in the DEX.  
7.5 Export test methodology  
Test 2 in figure 22 is the test that aims at conformance testing the export adapter. The Export 
Test is aimed at testing the export adapter’s ability to populate DEXs according to the 
specification, from the information in the legacy system.  
 
 
Figure 25 - Export adapter testing methodology overview 
Export adapter testing populates a DEX with information from the legacy system. The populated DEX is 
then tested against the specification.  
 
The overall export adapter data exchange is shown in figure 25. The legacy system on the left 
is the source of the information which is linked to the export adapter. The Export adapter 
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accesses the data stored in the legacy system and uses this to populate a specific DEX with 
the required information. The required information has been agreed upon by the sender and 
receiver through the Exchange contract.  
 
The Export adapter populates a DEX with the required information from the legacy system 
according to well defined rules. The mapping of elements from the legacy system’s storing 
structure to the DEX structure is the essence of the development of the adapter. The populated 
DEX is then sent to the receiver.  
7.5.1 Testing structure 
In figure 26 the different actors and their relationships are shown according to the form used 
to describe the STEP conformance testing. The IUT in this figure is the Export adapter and 
the SUT is the legacy system together with the adapter. The SUT operator is a human 
operator that is an expert on the legacy system format and the adapter implementation. The 
test engine is the testing laboratory.  
 
The numbers in the figure indicate the sequence of events necessary to perform the 
conformance test. The first step in the testing process is the communication from the test 
engine to the SUT operator. The test engine provides an input specification to the SUT 
operator in a human readable format, in order for the SUT operator to be able to enter this into 
the SUT. In step 2 the SUT operator starts the population of the DEX according to the input 
specifications received from the test engine.  
 
The IUT populates the specific DEX and outputs the resulting DEX. In step 3 the DEX is sent 
from the IUT to the test engine. The test engine receives the DEX and analysis can start. The 
analysis is performed in step 4 and involves testing the received DEX against the DEX 
standard. This sequence and the analysis of a DEX will be explained more thoroughly in the 
next chapter.  
 
Master Thesis by Fredrik Lied Larsen, 2005, NTNU. 
Conformance testing of Data Exchange set implementations  
61 
 
Figure 26 – Export adapter testing actors and sequence 
The input is specified by the Test engine but initiated by the SUT operator. The IUT populates a DEX and 
sends it to the Test engine where it is tested.  
 
The export DEX conformance test tests an output DEX according to the DEX specification. 
In order to do this sufficiently it is necessary to have a complete and accurate specification to 
test against. The different test purposes in the specification must be identified, and abstract 
test cases must be developed to ascertain these test purposes. The abstract test cases should be 
described using a formal test notation language like TTCN to ensure proper structure and 
avoid ambiguity. Different tests should be identified in the abstract test suite, basic 
interconnection tests and behaviour tests are the most useful.  
 
In the DEX Export test it should be sufficient to test the output DEX against the specification; 
however, more extensive testing would ensure a more reliable result. Testing only on a 
specific complete populated DEX might not be sufficient to provide sufficient trust in that the 
IUT can handle all possible population versions of that DEX. One specific DEX can be 
populated differently since not all attributes in the structure are mandatory. Only the 
mandatory attributes in the DEX must be populated at all times, something the test should 
check for. If only the mandatory attributes in the DEX are populated then it is still valid and 
should pass the conformance test.  
 
The testing process should allow for this and not just test an implementation against one 
instance of the output DEX. By developing a set of abstract test cases based on different test 
purposes more specific parts of the DEX export implementation can be tested. Test cases 
should not only test the IUT against valid input/output relationships by also invalid input 
requests. One example of this could be to omit a mandatory field in the population process 
and observing the required failure message from the IUT.  
Master Thesis by Fredrik Lied Larsen, 2005, NTNU. 
Conformance testing of Data Exchange set implementations  
62 
7.6 DEX Comparison test 
Test 3 is a simple test designed to provide maximum effect from a basic test. The test should 
be possible to perform in a day and provide preliminary evidence of an IUTs conformance. 
The test is simple and provides only limited evidence for conformance, more thorough testing 
is necessary to provide better trust in the IUTs conformance to the specification.   
 
 
Figure 27 - DEX comparison test overview 
By sending a populated DEX to the Import adapter and adding this to the legacy system, and then 
outputting the same DEX testing can be done. The test compares a copy of the input DEX with the output 
DEX.  
 
The prerequisite for being able to perform the DEX comparison test is that there exists a pair 
of DEX adapters, an import adapter with the peer export adapter. This means that the export 
adapter can export the same DEX that the import adapter can receive and add to the legacy 
system. 
 
The DEX comparison test requires the input to be a complete, accurate and correctly 
populated DEX in the structure of the adapters. The DEX is populated by the testing 
laboratory in a structured process to ensure that it is populated correctly. The content of the 
DEX shall be a simulated set of business specific data that is comparable to regular business 
data exchange sets. This DEX is referred to as the test DEX for simplicity.  
 
The Test DEX is received by the System Under Test (SUT) and is entered into the Import 
adapter. The Import adapter interprets the DEX and enters the content into the correct 
locations in the legacy system. It is important that the import function is complete.  
 
After the DEX is added to the legacy system, the Export adapter generates an equivalent DEX 
from the information stored in the legacy system. The best case scenario is that the Export 
adapter populates a DEX with the exact same information that was entered into the system in 
the import process.  
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The output DEX can then be compared with a copy of the input DEX. If the data elements 
used in the output DEX are the same as the ones received from the Test DEX, the two DEXs 
should be equal.  
 
This test is not very complicated to perform but gives a solid test result if successful. The 
uncomplicated manner of the test is a good reason for using it. By testing a dual DEX 
implementation in one simple test can give fairly high confidence in both of the 
implementations.  
 
The most critical error that can occur with the Comparison test is when the test yields a 
positive result when the Import/Export pair is faulty. This can happen if the Import adapter 
interprets the input DEX wrong and the Export adapter contains the same fault generating the 
correct output DEX. If the adapter developer has misunderstood some parts of the DEX 
specification he could make the same mistake in both of the adapters. Execution of the 
Comparison test will then yield a positive result when it should have been negative.  
7.7 User acceptance test 
Test four is shown in figure 22. This test is not part of the conformance test process but might 
still be applicable to an DEX implementation. The test is aimed at ensuring user acceptance of 
the adapter. The user of the legacy system uses the information in the legacy system to 
perform activities. The information received in DEXs and added to the legacy system must be 
usable by the users of the system. This test aims to determine whether or not the users can 
perform the necessary activities with the information exchanged and added to the system.  
 
The information in the DEX can be incomplete leading to difficulty for the user in performing 
the appropriate activities. This can indicate that the DEX specification lacks important 
information or that the information from the sender is insufficient for the end user needs.  
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8 DEX conformance testing for DEX “Identify a part and its 
constituent parts” 
Chapter 7 explains the overall structure of conformance testing of DEXs. This chapter will 
explain more thoroughly how conformance testing of DEX adapter implementations can be 
performed, the chapter uses DEX “Identify a part and its constituent parts” as an example on 
how testing can be performed on a specific DEX.  
8.1 Introduction 
Chapter 5 and 6 focuses on conformance testing within OSI and STEP standards. Chapter 7 
explains the overall structure of conformance testing for DEX implementations according to 
the structure described in “STEP conformance testing”. This chapter will use the same 
notations from chapters 5, 6 and 7 to describe testing for DEX implementation.  
 
Chapter 7 identifies two different conformance tests, one for import and one for export of 
populated DEXs. Import adapters and Export adapters perform reverse functions on a 
populated DEX. The Export adapter populates a DEX from some stored information, while 
the Import adapter interprets and breaks down a populated DEX in order to store the 
information contained in the DEX. Testing must be performed differently on these two 
adapters.  
 
The Import and Export adapters must be implemented differently according to DEX 
specification. The properties of each DEX specification make them uniquely different from 
each other and implementations must represent this. The implementations are furthermore 
tailored to fit a specific legacy system, making each implementation close to unique (with two 
identical legacy system, identical implementations could exist).  
8.2 Overview and assumptions 
In STEP, conformance testing is covered by parts 31-35. Chapter 6 in this text covers 
conformance testing in STEP with main focus on ISO 10303-34. This part of STEP covers the 
“methods for preparing, controlling, observing, and analysing implementations”, and will be 
used as a basis for DEX conformance testing for DEX “Identify a part and its constituent 
parts”.  
8.2.1 Conformance test actors  
In STEP conformance testing, three actors or components where identified, the 
Implementation Under Test (IUT), the Test Engine, and the SUT operator, as shown in figure 
24 and 26.  
 
The IUT is the actual implementation to be tested. This implementation is either an Import 
adapter or an Export adapter. The function of either of these is to transform a product data 
representation from one form to the other, DEX or legacy.  
 
The Test Engine represents the control and observation function of the conformance testing. 
Control and observation involves IUT communication necessary to direct and control the 
testing and the analysis. In an Import adapter testing the Test Engine provides the input to the 
system in the form of a populated DEX, and access control information indirectly from the 
IUT through the SUT operator. In an Export adapter test the Test Engine indirectly control the 
input through the SUT operator, and directly control the output which is a populated DEX.  
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The SUT operator is a communication interface between the Test Engine and the IUT. It 
communicates directly with the IUT through an interface defined by the implementers. The 
interface between the Test Engine and the SUT operator is defined by the testing laboratory; it 
can for instance be text or graphics, or other human interpretable forms.  
8.2.2 Testing Process 
8.2.2.1 Preparation for testing 
Before the test campaign can start it is necessary to make preparations. Completion of the 
PICS and PIXIT documentation is important in this phase of the process. A proforma should 
be provided for both of these documents to guide the completion. The proformas should be 
provided by the testing laboratory as a questionnaire, to the client who completes it. The PICS 
and PIXIT documents should contain information about the IUT, SUT and environmental 
conditions affecting either of these. This can involve parameter values for the test cases, 
identification of IUT-dependent variables and configurations, and other options, all identified 
by the testing laboratory. The IUT supplier provides acceptable ranges for values of those 
parameters. [ISO10303-34] The PICS and PIXIT documents with this information are used to 
guide the execution of the test campaign through interface selection, input specifications, 
sequence, and output analysis.  STEP provides examples of both PICS and PIXIT proformas.  
 
Executable test cases are also developed during this part of the testing process. In STEP these 
are derived from the set of Abstract test cases associated with the applicable application 
protocol. In DEX conformance testing no such abstract test suites have been defined.  
 
This chapter is an example on how conformance testing can be done on implementations of a 
single specific DEX. DEX “Identify a part and its constituent parts” is used as the reference 
DEX for this chapter. The long form model and the specification of DEX “Identify a part and 
its constituent parts” form the basis for the conformance test requirements. This chapter 
identifies two test requirements and explains how these can be tested. This process must be 
repeated for all requirements identifiable in the DEX specification, to develop an abstract test 
suite.  
8.2.2.2 Test campaign  
The test campaign is the actual execution of all the executable test cases and assigning 
verdicts to them. The test campaign must follow a predefined sequence for execution of the 
test cases. The process is described for Import and Export adapters in chapter 7.  
 
During the test campaign no modifications can be made to either the IUT or the ETCs, except 
if the ETC is found to be in error. If this happens it shall be recorded in the conformance test 
report.  
8.2.2.3 Analysis of results 
When all the test cases have been executed and assigned a verdict the set of test cases can be 
analysed. The analysis shall conclude with a verdict of Pass, Fail, or Inconclusive for the 
conformance of the IUT based on the test case verdicts. Pass shall only be assigned if all the 
test cases in the test campaign are assigned a Pass verdict; if one or more test cases are 
assigned a Fail verdict the whole IUT is found not to be conformant. Inconclusive shall only 
be assigned if a test case has been assigned an Inconclusive verdict and it is not possible to 
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rectify the test case and rerun it. In the case of an Inconclusive test verdict the test parties shall 
together resolve the problem.  
8.2.2.4 Report production 
As for STEP conformance testing a conformance log shall be kept for each executed test 
campaign. This log shall be the used to produce the conformance test report. The 
conformance test report contains the overall conformance test verdict for the IUT and 
information about the execution of the testing process.   
 
 
Figure 28 - DEX conformance test phases 
The phases of a conformance test process for testing of a DEX adapter. The striped arrows show 
exceptions from the normal process.  
8.2.2.5 Resolution phase 
The Resolution phase is not a standard part of the testing process. This phase is only entered if 
some part of the testing has lead to results that could signify faults with the testing procedure. 
Failures can include, test equipment failure, unexpected IUT output, or test case error. Test 
cases that have Inconclusive verdicts could be faulty. If this is the case then there might be a 
need for a review of the test case by the testing laboratory and the client. Appropriate changes 
can be made to the test case in order to rectify the defect functionality, and the test case can be 
rerun.  
 
A conformance verdict of Inconclusive for the complete IUT leads automatically to the 
resolution phase. The testing laboratory and the client must discuss the testing procedure and 
resolve the errors. This is described closer in appendix B.  
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8.3 Import adapter conformance testing 
The process of importing a DEX is shown in chapter 7. In STEP conformance testing is 
divided into two different processes, pre-processor and post-processor testing. This is 
repeated in DEX testing with Import being similar to Post-processor and Export being similar 
to pre-processor testing.  
 
DEX conformance testing for Import adapters is significantly different from DEX 
conformance testing for Export adapters. Import adapters add information to an existing 
legacy system from a received DEX. Output into a legacy system restricts the availability of 
the output information from a testing laboratory’s perspective since they are not familiar with 
the processes used to access information in the legacy system. Import conformance testing 
therefore involves a SUT (System Under Test) operator to access information in the legacy 
system.  
 
Structural relationship inside the DEX is specified in the DEX specification, the legacy 
system however does not have such a specification. Testing of such structural relationships is 
therefore not possible in a general sense, but must be performed on specific elements within 
the test data set. A relationship between two data elements must be tested explicitly if the 
relationship is significant and applicable in the legacy structure. A query can be used to get 
elements linked to other elements, and this is what needs to be done to test the Import adapter 
for relationships.   
 
 
Figure 29 - DEX Import 
The DEX specification is used to generate a correct populated DEX which is sent to the Import adapter. 
The content of the populated DEX must be entered correctly into the Legacy system.  
 
The DEX Import adapter testing is shown in figure 29. The “DEX Specification” refers to the 
DEX specification signifying that the input DEX is developed from the specification. The 
“DEX specification” is used to develop and populate the DEX used for the testing of the 
Import adapter. This test set DEX is sent as input to the SUT (Import adapter + legacy 
system), the Import adapter receives the DEX and adds the contents to the legacy system.  
 
The DEX has an internal content and structure. The legacy system also has an internal 
structure and content, the content, however, is not important as long as the DEX content can 
be added to the legacy system. The legacy structure will most likely be different from that of 
the DEX and will not change to fit the DEX structure. Instead, the content of the DEX will be 
added to the legacy system's internal structure. Testing of the legacy system's internal 
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structure versus that of the DEX will not be applicable since that is not within the scope of the 
adapter functionality.  
 
The Import adapter’s only concern is to transfer the content of the DEX into the legacy 
system without loosing any information in the process. Conformance testing of the Import 
adapter must use this as a basis for testing. The “Semantic analysis” connector in figure 29 
shows the connection between the content of the DEX with the content added to the legacy 
system.  
8.3.1 Testing process 
The testing process of Import adapter testing is shown and explained in chapter 7 figure 23 
and 24. Input to the adapter is in the form of a populated test DEX supplied by the testing 
laboratory. The test data set is interpreted and entered into a replication of the legacy system 
by the Import adapter. The actual testing can not begin until the data have been successfully 
entered into the legacy system.  
 
A basic interconnection test can be performed prior to the actual conformance test. This test is 
executed to verify that the adapter can receive and enter a data set into the legacy system. A 
basic interconnection test does, however, not provide much more useful information then this. 
Test 3 “DEX comparison test” described in chapter 7 can be an advanced form of basic 
interconnection test for DEX adapters. Basic interconnection tests are used to ensure a 
minimum of interoperability in order to justify extensive testing. Extensive conformance 
testing is useless if the adapter cannot receive and store a DEX.  
 
Conformance testing of Import adapters is on the content of the received DEX, the semantic 
characteristics of the populated DEX. The structure of the DEX will most likely not be 
recreated in the receiving legacy system. Legacy systems are usually based upon relational 
databases for storing, while AP239 is realized object oriented. The structure between input 
and output will therefore not be compatible or testable.  
 
The semantic content of the DEX is the actual content of the DEX not the structure, which is 
syntax. The Import adapter is designed to transfer all the data from the received file 
containing the DEX to the legacy system. Conformance testing of the Import adapter tries to 
establish confidence that the adapter can do this correctly. In order for the Import adapter to 
comply with the DEX specification it must enter all the information contained in a correct and 
complete populated instance of the appropriate DEX into a legacy system. Therefore, testing 
is only concerned with testing that the data in the DEX have been successfully transferred into 
the legacy system.  
8.3.2 Analysis 
Two different methods are identified for Import adapter conformance testing. These are 
explained below.  
8.3.2.1 Input handling analysis 
Input handling analysis involves manipulating the input DEX in order to ensure that the 
Import adapter treats it correctly. A populated DEX can be on either P21 format or XML.  
 
If the input to the Import adapter is a correct, valid and complete DEX, the adapter shall 
process it and add it to the legacy system without any error responses. Observation of an error 
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response when the transfer is valid shall result in the assignment of a Fail verdict to the 
applicable test case.  
 
Input can be manipulated to be either syntactically incorrect or syntactically correct but 
containing illegal information elements or structures as defined in the DEX specification. If 
either of these inputs are observed the IUT should generate an appropriate error response.  
8.3.2.2 Semantic analysis 
Semantic analysis of the Import adapter is performed by queries. The structure for the queries 
is shown in chapter 7 figures 23 and 24. Information stored in both the DEX structure and the 
legacy system can be accessed through a method of queries. The tester is responsible for 
executing queries on the DEX while querying the legacy system is performed by the SUT 
operator. In order to execute queries on the DEX it could be necessary to place the content in 
a PLCS database realization.  
 
Test cases are specified using human interpretable language since the legacy system is not 
standardised towards DEX conformance testing. Querying the IUT must be performed by an 
operator with knowledge about the IUT and the related legacy system, collectively termed the 
SUT. The SUT operator must have sufficient knowledge to interpret and execute a test case 
based on a test case described in text.  
 
The test cases defined in the Preparation to testing phase include expected semantics in the 
Export output, these are related to the test case as test case verdict criteria. Each DEX has 
requirements associated with them that form the basis for these test criteria. These 
requirements and constraints can require certain parts of the DEX to be mandatory populated 
or optionally populated, and require certain relationships between elements in the DEX to be 
maintained in the legacy system.  
 
Queries are then performed by the SUT operator as an answer to a request from the Test 
Engine. The SUT operator interacts with the IUT to resolve the queries and sends the result 
back to the Test Engine. The Test Engine then compares these results with the expected 
outcomes as defined in the test cases. An alternative to these predefined results are to run the 
same queries on the DEX structure and compare the result with the results from the IUT.  
8.3.3 Reference data library effect on testing  
One of the main differences between STEP and AP239 is the inclusion of a Reference Data 
Library (RDL), chapter 4. The populated input DEX does not contain complete product 
information but references to the RDL where the information is stored. The adapter must 
identify the reference data links in the input DEX, then get the actual information from the 
RDL. 
 
The testing structure for the Import adapter with RDL is shown in figure 30. A copy of the 
test DEX is entered into a test system repository with the complete information from the 
RDL. The exact same test DEX is sent to the Import adapter as input. The Import adapter 
interprets the information, locates the reference data and look up the information from the 
RDL. The information from the RDL together with the rest of the DEX content is added to the 
Legacy system.  
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When the content of both the DEX and the applicable RDL information is added to the legacy 
system conformance testing can be performed to verify that the content is equal in the Legacy 
system and the Repository. This is performed as described above.  
  
 
Figure 30 - RDL influence on Import testing. 
The Reference Data Library contains the actual information while the populated DEX only references it. 
The Import adapter must get the information from the RDL before adding it to the legacy system.  
8.3.4 Import conformance test of DEX “Identify a part and its constituent 
parts” 
DEX “Identify a Part and its constituent parts” is described in chapter 4 and appendix D. This 
section will use DEX “Identify a Part and its constituent parts” as an example on requirements 
and how to test adapter implementations for a specific DEX. This specific DEX covers a 
specific “Allowance part list” instance when populated. A parent “Part” is associated with a 
given number of “child parts” through a specified relationship.  
8.3.4.1 DEX requirements  
The table provided in appendix D specifies the capabilities that are used to define DEX 
“Identify a Part and its constituent parts”, and requirements stated for each of these 
capabilities. This table together with the long form of DEX “Identify a Part and its constituent 
parts” form the specifications for the DEX. The constraint and capabilities found in the 
specification form the basis for the conformance requirements for DEX “Identify a Part and 
its constituent parts”. A table with all the requirements is found in appendix C. In this section 
two requirements will be described and associated with test cases. DEX “Identify a Part and 
its constituent parts” is described in chapter 4.  
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Requirements: 
1. All parts must be associated with a unique identification 
2. A parent part must be associated with a complete list of constituent parts 
 
Test 7 in the Test table describes the requirement regarding unique identification. The unique 
identification of a part is a mandatory requirement and must be maintained by the Import 
adapter. Unique identification of a part is achieved through an OEM part number and 
manufacturing code.  
 
The Allowance part list is a list of parts directly linked to a parent part. The parent part is 
associated with an infinite (in theory) number of constituent parts. Each constituent part is 
linked to its parent part and the parent part is linked to each constituent part. The parent part 
must have at least one constituent part and the list must be complete.  
 
The requirements stated in this section are positively, they state what the system shall do. 
They are also mandatory, must be observed at all times. The reason for selecting these two 
requirements as an example for testing is that they cover some of the most important 
functionality of the DEX.  
8.3.4.2 Testing 
Testing the import adapter for DEX “Identify a Part and its constituent parts” requires three 
actors, Test Engine, IUT and SUT operator. The IUT is the Import adapter and the SUT is the 
Import adapter and the associated legacy system. The SUT operator is a human operator with 
sufficient knowledge about the SUT to perform specified queries. The Test engine is a test 
system for comparing results and a human test operator running queries on the test DEX.  
 
 
Figure 31 - Import adapter testing actors and processes 
The Test engine consists of a Tester and a Test system, the tester queries the populated input DEX while 
the Test system compares this information with the information received from the SUT operator which 
queries the legacy system.  
 
The testing process is performed as explained in chapter 7, the test set DEX is given as input 
to the system and the content is added to the legacy system. The test engine supplies the SUT 
operator with a set of queries to execute on the legacy system. The response from the queries 
is sent back to the test engine where it is compared to input data.  
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8.3.4.3 Queries 
Queries are used to test the conformance requirements stated above. Each conformance 
requirement should be associated with at least one query. The test case is combined by the 
input specification and the test query, to cover a specific conformance requirement.  
 
Requirement 2 states that a parent part should be associated with all constituent parts under 
the given context. The constituent parts form a list of different parts which are sub parts of the 
parent part. An Allowance part list code is associated with the parent part 
“part_view_definition” identifying the Allowance part list. The test query for testing that the 
Allowance part list is complete is then: 
Get all parts with Allowance part list code equal to a given number e.g. “123”.  
 
Requirement 1 states that all parts should have a unique identifier. The unique identifier is 
associated with a specific part through the “Assign identifier” capability. All the parts located 
within the Allowance part list should have a unique identifier. Test case query 1 then states: 
For each part in the Allowance part list, get identification number.  
 
In this example test requirement 2 should be tested first. The query defined on the basis of 
requirement 2 gets all the parts of the Allowance part list and makes sure that the list in the 
legacy system is complete. If this test case fails then it will not be possible to find a unique 
identifier for all parts either so test query 1 is also going to fail. Test query 1 is also performed 
after test query 2 because it tests to determine if the parts in the Allowance part list all have a 
unique identifier.  
 
The SUT operator will be responsible for interpreting and executing the queries on the legacy 
system. It is not possible to predefine the exact query because the legacy system structure is 
unknown.  
8.3.4.4 Analysis 
8.3.4.4.1 Analysis of query 2 
Querying against the Allowance part list code should generate the complete list of parts. This 
is a list of all the parts in one Allowance part list. By comparing the list of parts from the 
legacy system with the list from the DEX, any deviations should be identified and 
documented. If no deviations are found then all the parts in the DEX are also present in the 
legacy system and are associated with the Allowance part list code. The test requirement is 
then satisfied and the IUT is in conformance with the test case. A Pass verdict is assigned to 
the test case.  
8.3.4.4.2 Analysis or query 1 
The test analysis determines whether all the parts in the allowance part list have a unique 
identifier and that it is the same as the one for the part in the DEX. This query and analysis is 
done once for each part in the Allowance part list. The result from the query on the legacy 
system is compared with the part identifier as stated in the DEX. If all parts in the Allowance 
part list has a unique identifier equal to the one in the DEX then the test case query is 
assigned a Pass verdict, otherwise a Fail verdict is assigned. If a part can not be located in the 
legacy system then an Inconclusive verdict is assigned to the test case query.  
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8.3.4.5 Summary 
For each DEX requirement in appendix C a test case query must be executed and analysed. In 
addition to the test case queries derived directly from the intended behaviour of the DEX 
Import adapter, input handling analysis can be performed. Input handling involves modifying 
the input to the Import adapter to observe how the IUT behaves to input that is faulty or 
incomplete.  
 
The complete set of test cases verdicts results in a conformance verdict for the entire IUT. The 
Import adapter shall only be found to be in conformance with the DEX specification if all the 
test cases yield a Pass verdict. If a Fail verdict is assigned to one of the test cases the IUT is 
found not to be in conformance with the DEX 1.7 specification. In the case of an Inconclusive 
test verdict the test parties shall together resolve the problem. 
8.4 Export adapter conformance testing  
DEX Export adapter testing is similar to Pre-processor testing in STEP. Both of these are 
concerned with the creation of a data exchange file in a neutral format. Some of the same 
requirements for testing will therefore apply both to STEP and DEX implementation testing.  
 
The process of creating and exporting a DEX is shown in figure 25 and 26 in chapter 7, and is 
applicable here as well.  
 
Where Import testing is only concerned with recreating the content of the populated DEX in a 
legacy system, Export testing populates the DEX. The Export adapter is created by defining 
the appropriate mappings from the legacy system structure into a DEX structure. Most legacy 
systems are built on a relational database while DEXs are defined using an object oriented 
approach, making transfer of data sets from one to the other a nontrivial affair. Exporting a 
DEX involves populating a predefined structure with data from a different existing structure 
while making sure the correct relationships between elements needed for the DEX structure 
are created. This is discussed in the syntax and structure analysis below.  
 
 
Figure 32 - DEX Export adapter process 
The Export adapter populates a DEX with information from the Legacy system. The populated DEX is 
analyzed to verify the conformance of the Export adapter.  
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Semantic testing is also necessary for Export adapters. The meaning of the content of the 
legacy system must be kept intact. This requires the mapping from legacy system to DEX, to 
maintain the relationships among elements in the legacy system when they are added to the 
DEX. If this is not maintained it can lead to a wrongful interpretation of the DEX on the 
receiving end. The purpose of ISO 10303-239 data exchange is that complete information 
about a product shall be possible to transfer between two instances, changed and sent back, 
upon which the final receiver can identify the change made, shown in chapter 4.   
 
In order to perform a conformance test certain requirements must be met. First of all basic 
testing should be performed to ensure a minimum of functionality within the adapter to 
warrant further testing. Basic testing in STEP is performed before the actual conformance 
testing to give evidence that the IUT has sufficient functionality for further testing.  
Preparation for testing is a prerequisite to conformance testing. It involves completion of the 
PICS and PIXIT documentation. A proforma should be provided for both of these documents 
to guide the completion. The proformas should be provided by the testing laboratory as a 
questionnaire, to the client who completes it. The PICS and PIXIT documents should contain 
information about the IUT, SUT and environmental conditions affecting either of these. STEP 
provides examples of both PICS and PIXIT proformas.  
8.4.1 Test actors 
In the Export test scenario there is a need for three different actors, SUT operator, Test Engine 
and IUT. The SUT operator is responsible for initiating the DEX population procedure in the 
Export adapter. The SUT operator is also responsible for executing queries on the legacy 
system. The Test engine receives the output DEX from the IUT and tests this against the DEX 
specification. The Test engine is also responsible for executing queries against the populated 
output DEX. The IUT is the Export adapter that is under test. The IUT populates a DEX with 
data from a legacy system.   
8.4.1.1 Model creation 
In order to perform conformance testing on DEX implementations an input must be 
generated. The input to the Export adapter comes from the legacy system associated with the 
adapter. This input however must be initiated by an operator, referred to as the SUT operator. 
The test laboratory supplies the SUT operator with the specification for the wanted DEX 
output in a written form. A written description of what the test engine wants as output is given 
to the SUT operator in order to initiate the population of the DEX.  
 
The input to the adapter can be altered to test the IUT against different test cases. A complete 
and correct output proves that the adapter can generate a fully populated DEX, but it does not 
give evidence that the IUT is completely conformant. For instance could it be that the 
conformance requirements states that the system shall behave in a specific manner when 
errors occur. To test this behaviour it is necessary to try and generate a faulty DEX and then 
observe the appropriate error behaviour from the IUT.   
8.4.2 Analysis 
Each test case that is executed on the IUT generates some results. These results must be 
analysed in order to determine what they mean for the conformance of the IUT. Export 
adapter conformance testing specifies three different test analysis, Syntax analysis, Structural 
analysis and Semantic analysis.  
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8.4.2.1 Syntax analysis 
Syntax is in computer science is derived from linguistics and is concerned with allowed 
vocabulary and correct word order. [Wikipedia] For DEX conformance testing syntactical 
correct DEXs are defined in accordance with the rules set forth in the DEX specification. The 
exported DEX is compared to the long form of the appropriate DEX standard.  
8.4.2.2 Structural analysis 
This part of the analysis shall determine whether or not the IUT conforms to the DEX 
specification structure. The purpose is to decide whether the elements in the legacy system 
has been assigned the appropriate structure for the applicable DEX. The relationships and 
instance elements must be in accordance with the rules and constraints specified in the long 
form of the associated DEX. Structural analysis aims at solving the question: “Is the exported 
DEX compliant with the specification?” 
 
The structural analysis can be performed automatically by comparing the output DEX to the 
DEX specifications.  
 
The ISO 10303-239 model contains all the entities, attributes and relationships that are 
allowed. Every DEX is a subset of this model and the rules applying to AP239 are also 
applicable to the DEXs. This DEX model, form the requirements for every instance of the 
associated DEX. The rules identified from the DEX model can state mandatory relationships 
between elements in the DEX, mandatory attributes to data elements. It is also possible to 
state conditional and optional attributes and relationships. 
 
The rules identified from the DEX specification can be implemented and executed to verify.  
8.4.2.3 Semantic analysis 
Semantic analysis is performed similarly to the semantic analysis for import testing. The SUT 
operator is responsible for executing queries towards the SUT and sending the result to the 
Test Engine for comparison. The Test Engine is responsible for queries against the DEX and 
comparing these with the results received from the SUT operator. The difference from Import 
adapter testing is that the information stored in the legacy system must be viewed as the 
correct information that should be found in the DEX.  
 
Semantic analysis aims to solve the question: “Does the exported DEX contain the correct 
information?” 
8.4.3 Reference Data Library in Export adapter testing 
One of the main differences between STEP and AP239 is the inclusion of a Reference Data 
Library (RDL), chapter 4. The populated input DEX does not contain complete product 
information but references to the RDL where the information is stored. The adapter must 
identify the reference data links in the input DEX, and then get the actual information from 
the RDL. 
 
Conformance testing of Import adapters with an RDL is shown in figure 30; figure 33 shows 
the RDL influence on Export adapter testing. A copy of the populated DEX from the Export 
adapter is entered into an empty repository. The secondary test queries the legacy system and 
compares the information with the information in the Repository as described above through 
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semantic analysis. The primary testing is still on the syntax and structural form of the 
populated DEX.   
 
 
Figure 33 - RDL influence on Export testing 
The Reference Data Library (RDL) contains some of the actual information while the populated DEX 
only references that information. To verify that the information from the legacy system is reproduced in 
the DEX the Repository must access the RDL for the actual information and compare this with the legacy 
system information. 
8.4.4 Export conformance test of DEX “Identify a Part and its constituent 
parts” 
DEX “Identify a Part and its constituent parts” was described in chapter 4 and appendix D. 
This section will use DEX “Identify a Part and its constituent parts” as an example on 
requirements and how to test adapter implementations for a specific DEX. This specific DEX 
covers a specific “Allowance part list” instance when populated. A parent “Part” is associated 
with a given number of “child parts” through a specified relationship.  
8.4.4.1 Test requirements 
The test requirements for the Export adapter are the same as for the import adapter.  
Requirements: 
1. All parts must be associated with a unique identification 
2. A parent part must be associated with a complete list of constituent parts 
 
Both requirements can not be met by only one test case in the Export adapter test scenario. 
Requirement 1 has both a semantic and a structural characteristic. The value of the part 
identification is a semantic characteristic originating from the legacy system. The 
identification must also be assigned to the part through the use of a capability and this is a 
structural characteristic originating from the DEX specification.  
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Requirement 2 is similar to that of requirement 1 in that it contains both semantic and 
structural characteristics. To verify that the allowance part list is complete semantic testing 
must be performed based on the information from the legacy system.  
 
For structural testing requirement 2 is not distinct enough. It can include the relationship 
between parent part and all constituent parts which requires more then one test. In the 
structural analysis part of this chapter requirement 2 has instead been that a parent part must 
be associated correctly with an Allowance part list code.  
8.4.4.2 Testing 
The Export adapter populates a DEX according with data from the legacy system according to 
the rules stated in the DEX specification.  
 
 
Figure 34 - Export adapter testing 
The SUT operator initiates the population of the DEX in the Export adapter. The exported DEX is then 
tested with Syntax and Structure analysis, and semantic analysis.  
 
Conformance testing of an Export adapter against the DEX “Identify a Part and its constituent 
parts” specification involves semantic analysis, syntax analysis and structure analysis. The 
semantic analysis aspires to determine whether or not the intended content is present in the 
output DEX from the Export adapter. Syntax analysis and structure analysis aspire to 
determine whether or not the populated DEX “Identify a Part and its constituent parts” from 
the Export adapter is populated according to the specifications.  
 
Conformance testing of the Export adapter is somewhat different from testing of the Import 
adapter. In the Import adapter test queries where enough since only the semantic qualities of 
the data where tested. In the Export adapter test scenario however the structure of the output 
is also important. The output DEX shall be exchangeable between different organizations 
without a need for a dedicated import adapter. The output DEX must be tested to make sure 
the Export adapter can create DEXs according to the applicable DEX specification. This is 
tested through a set of syntax and structural test cases.  
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8.4.4.3 Analysis 
8.4.4.3.1 Semantic Analysis 
The semantic analysis is similar to the one found in the Import adapter test scenario. The only 
difference is that the SUT operator is the one determining what the result from the query 
should be. The information located in the legacy system must be treated as the “correct” 
information since this is the basis for the information found in the populated DEX.  
8.4.4.3.2 Syntax analysis 
The output “Allowance part list” DEX contains a set of parts with attributes. The DEX 
specification specifies that the attributes (string boxes in the graphic picture in appendix D) 
shall be assigned identifiers and other information through Assignment capabilities.  
 
Syntax analysis does not verify whether or not the unique identification value is correct, this 
is a question of semantic characteristics. Syntax analysis of requirement 1 verifies whether or 
not the value assigned as the unique identifier comply with the specification requirements 
regarding format.  
8.4.4.3.3 Structural analysis 
Structural analysis tests the structure of the populated DEX against the specifications for DEX 
“Identify a Part and its constituent parts”. The structural analysis tests the populated DEX 
from the Export adapter against the DEX “Identify a Part and its constituent parts” 
specifications. The DEX long form states the requirements for the DEX structure which the 
output DEX must meet.  
 
Test requirement 2 can be tested structurally. The Allowance part list code that identifies the 
constituent parts to a parent part is linked to the parent parts “Part_view_definition”. 
Structural testing of DEX requirement 2 verifies the relationship between the parent 
“Part_view_definition” and the “Allowance_part_list_code”.  
 
Test requirement 1 can partly be tested structurally. A structural test of the unique 
identification of a part does not verify the value of the identification and its uniqueness. The 
identification capability must be associated with each part.  
8.4.4.4 Summary 
Conformance testing of the Export adapter involves testing the populated DEX against 
semantic, syntax and structural requirements. Syntax analysis and structural analysis should 
be performed first verifying that the output DEX is correct according to the specifications. 
The semantic analysis of the output DEX tries to verify that the information from the legacy 
system is reproduced correctly in the populated DEX.  
 
Structural analysis of a DEX verifies that all the specification rules have been met by the 
populated DEX. The DEX long form specifies the requirements and relationship, together 
with the written specification this is used to define the test requirements for the DEX.  
 
Semantic requirements originate from the input to the adapter. The adapter must not omit any 
of the information from the legacy system when populating the DEX. The development of 
semantic test requirements and test cases must be done in cooperation with an SUT operator 
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with knowledge about the input to the Export adapter and what information the exported DEX 
should contain.  
 
Appendix C lists a set of test requirements for DEX “Identify a part and its constituent parts”.   
8.5 Summary 
Product life cycle information exchange between different organizations is standardized in 
ISO 10303-239 with the use of DEXs. Conformance testing for DEX adapter implementations 
is important to improve interoperability for data exchange. Export and Import adapters 
provide the means for successful data exchange between organizations. Adapters must abide 
by the rules stated in the applicable DEX specification for which they are implemented. These 
rules form the basis for the conformance testing through stated conformance requirements.  
 
Test cases describe the process necessary for testing a given conformance requirement. 
Appendix C provides a set of requirements for DEX “Identify a part and its constituent parts”.  
 
Conformance testing of Export adapters requires the output DEX to be in the form specified 
in the applicable DEX specification. The output DEX structure must follow the rules stated in 
the specification. The input to the adapter is found in a legacy system and must be contained 
in the output DEX without the loss of any information. Conformance testing must provide 
sufficient evidence that the Export adapter can create and populate a DEX correctly with the 
required information. Syntax analysis and structural analysis tests the IUT against the 
conformance requirements identified from the DEX specification. Semantic analysis tests that 
the populated DEX contains the intended information from the legacy system. 
 
Conformance testing for Import adapter requires a test DEX for input to the adapter. The 
important factor with Import adapters is that the content of the input DEX is retrievable in the 
end system. Semantic analysis is used to verify that the content of the DEX is entered 
correctly into the legacy system.  
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9 Conclusion 
Background into product information exchange is described in chapters 2-4. Chapter 2 
describes the Standard for Exchange of Product Model data (STEP) and how it is used. 
Chapter 3 describes the ISO 10303-239 (Product Life Cycle Support) standard which is an 
extension of STEP. Chapter 4 describes Data EXchange sets used for exchanging product 
information based on AP239. These three chapters explain the domain applicable for the rest 
of the thesis.  
 
Chapter 5 “OSI conformance testing” and chapter 6 “STEP conformance testing” explains 
conformance testing based on international standards. Chapter 5 explains conformance testing 
within Open Systems Interconnection. This standard is used as a basis for conformance 
testing within ISO 10303 STEP. Chapter 6 describes conformance testing for STEP 
implementations. 
 
The standards used as reference for chapters 5 and chapter 6 are well founded within 
conformance testing. The methods used explained in the chapters form the theoretical 
background for conformance testing within ISO 10303-239. The similarities between STEP 
and AP239, makes conformance testing within STEP suitable as a basis for DEX 
conformance testing.  
 
Chapter 7 and chapter 8 describe a test method for DEX implementations based on OSI 
conformance testing and STEP conformance testing. The test method is similar to 
conformance testing for STEP application protocol implementations. Conformance testing for 
DEX implementations distinguishes between Export and Import adapters in the same manner 
that STEP conformance testing distinguishes between pre-processor and post-processor 
implementations.  
 
The DEX conformance test methods are different for Export adapters and Import adapters. 
Conformance testing for Export adapters is done by determining an input and controlling the 
output against a set of conformance requirements from the DEX specification. Export adapter 
testing performs a Syntax analysis, Structure analysis and Semantic analysis on the exported 
DEX. Syntax analysis and Structure analysis focus on the form and structure of the populated 
DEX, and how they follow the rules and constraints specified in the DEX specification. The 
Semantic analysis focuses on verifying the content of the populated DEX. While the Export 
adapter creates or populates a DEX, the import adapter receives a populated DEX and adds 
the information from the DEX into the appurtenant system. The conformance testing of an 
Import adapter involves testing that the content of the DEX is retrievable in the receiving 
system after it has been added. Conformance testing of the Import adapter only relies on 
Semantic analysis, since the structure of the receiving system will not be comparable with the 
DEX specification, nor should it be.  
 
Conformance testing of DEX implementations must be performed in order to gain confidence 
in the applicability of a given implementation. The implementation is being tested against the 
requirements stated in the specification. This should ensure that conformant implementations 
can interoperate without the need for specific interoperability testing.  
 
This thesis provides an overview of product information exchange standards and existing 
conformance test standard. The product information exchange standards STEP and  
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ISO 10303-239 are explained with regard to information exchange implementations. The 
conformance test standards, ISO 9646 and ISO 10303-31, are described according to the 
information exchange procedure in ISO 10303-239. This is done to show the applicability of 
the existing conformance test standards in conformance testing of Data Exchange Set 
implementations.  
 
The background information into product information exchange standards and conformance 
test standards is used to develop a proposal for conformance testing of DEX implementations. 
The proposal, described in chapter 7 and 8, explains the testing process for both Export and 
Import adapter implementations in the DEX exchange structure. Conformance testing for 
DEX adapters is based on conformance testing standards and conformance testing for the 
STEP standard. The test methods specified give a complete cover of the testing necessary to 
test a given implementation.  
 
A specific DEX, DEX “Identify a part and its constituent parts”, is used to show how 
conformance testing can be performed. The testing procedure explains the process of testing 
both Export and Import adapters based on DEX “Identify a part and its constituent parts” with 
regard to two selected requirements. This shows that the test method proposed is usable for 
testing implementations of a specific DEX.  
9.1 Further work 
Conformance testing for STEP application protocol implementations is presented in the 
standard in separate parts. In addition to this, each application protocol is associated with an 
abstract test suite. The abstract test suite describes abstract test cases for implementations of 
the applicable AP. The PLCS standard does not have a set of abstract test suites associated 
with the DEX specifications. As the final specification for the different DEXs are finalized, 
abstract test suits should be developed for each DEX. The abstract test suites should contain 
abstract test cases and complete test data sets for testing.  
 
The development of DEXs is ongoing. As the DEX specifications are completed they must be 
made available for use by software vendors and organizations with a need for product 
information exchange. The DEXs are developed within OASIS, making them publicly 
available. The challenge is to get the PLCS standard and the DEXs used by businesses and 
government organizations. At present only a few implementations of PLCS have been 
developed, Det Norske Veritas has performed one of these implementations. The number of 
implementations of DEX adapters must be increased to justify developing testing laboratories 
with certification authority.  
 
The abstract test suites provide a set of test cases for testing an implementation of a specific 
DEX adapter. In order to perform the actual testing of an adapter, adaptations must be made 
to the test cases to make them applicable for the actual implementation. Conformance testing 
can be performed by developers, purchasers and third party testing laboratories. While both 
adapter developers and purchasers can perform extensive conformance test, only a third party 
testing laboratory can do this independently. Testing laboratories can be accredited 
empowering them to issue certificates to implementations that have passed their conformance 
test procedures. Development of a testing laboratory with an appropriate testing procedure is 
needed.  
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10 Abbriviations 
AAM Application Activity Model 
AIM  Application Interpret Model   
AIC Application Interpreted constructs 
AP Application Protocol 
ARM Application Reference Model 
ASP Abstract Service Primitive 
ATS Abstract Test Suite 
CAD  Computer-Aided Design 
CAM  Computer-Aided Manufacturing 
DEX Data EXchange set 
DIS  Draft International Standard 
ETC Executable Test Case 
ETS Executable Test Suite 
FDIS Final Draft International Standard 
ICS Implementation conformance Statement 
IR Integrated Resources 
ISO International Standard Organization 
IUT Implementation Under Test 
IXIT Implementation Extra Information for Testing 
LT Lower Tester 
LTCF Lower Tester Control Function 
MPyT Multi-Party Testing 
OSI Open System Interconnection 
PCO Point of Control and Observation 
PCTR Protocol Conformance Test Report 
PDU Protocol Data Unit 
PICS Protocol Implementation Conformance Statement 
PIXIT Protocol Implementation Extra Information for Testing 
PLCS Product Life Cycle Support 
SDAI Standard Data Access Interface 
SPyT  Single-Party Testing 
STEP STandard for Exchange of Product model data 
SUT System Under Test 
TCP Test Coordination Procedure 
TP Test Purpose 
TSS Test Suite Structure 
TTCN Tree and Tabular Combined Notation 
UT Upper Tester 
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11 Definitions 
Abstract test case (ATC) 
A specification, encapsulating at least one test purpose, that provides the formal basis from 
which executable test cases are derived. It is independent of both the implementation and the 
values. 
Abstract test group 
A named set of related abstract test cases. 
Abstract test method 
The description of how an implementation is to be tested, given at the appropriate level of 
abstraction to make the description independent of any particular implementation of testing 
tools or procedures, but with sufficient detail to enable these tools and procedures to be 
produced. 
Abstract test suite 
A part of this International standard that contains a set of abstract test cases necessary for 
conformance testing of an implementation of an application protocol 
Application activity model (AAM) 
A model that describes an application in terms of its processes and information flows 
Application interpret model (AIM) 
An information model that uses the integrated resources necessary to satisfy the information 
requirements and constraints of an application reference model, within an application protocol 
Application protocol (AP) 
A part of this ISO 10303 that specifies an application interpreted model satisfying the scope 
and information requirements for a specific sapplication  
Application reference model (ARM) 
An information model that describes the information requirements and constraints of a 
specific application context 
Basic tests  
Limited tests performed to determine whether it is appropriate to perform thorough testing  
Behaviour test 
A test to determine the extent to which one or more dynamic conformance requirements are 
met by the IUT 
Capabilities of an IUT  
The set of functions and options in the relevant standard that is supported by the IUT. 
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Capability test  
Tests performed to determine the capabilities of an IUT, designed to determine whether an 
implementation conforms to a particular feature of an application protocol as described in the 
test purpose 
Client (of a testing laboratory) 
The organization that submits an implementation for conformance testing 
Configuration management 
The activity that establishes and maintains consistency of a product with its requirements and 
configuration information throughout its life cycle  
Conformance, conformity 
The fulfilment by an implementation of all requirements specified 
Conformance requirement  
A precise, text definition of a characteristic required to be present in a conforming 
implementation 
Conformance log 
A record of information, produced as a result of a test campaign, that is sufficient to make and 
verify the assignment of test verdicts. 
Conformance resolution test 
A non-standardized, possibly system-specific test to fulfil a test purpose for which a 
standardized abstract test case is not defined, in order to investigate the behaviour of an OSI 
protocol implementation with respect to one or more particular conformance requirements. 
Conformance testing  
The testing of a candidate product for the existence of a specific characteristics required by a 
standard in order to determine the extent to which thath product is a conforming 
implementation.  
Conformance test report 
A document written at the end of the conformance assessment process, that provides the 
overall summary of the conformance of the IUT to the standard for which conformance 
testing was carried out, and that gives the details of the testing. 
Conforming implementation  
An implementation which satisfies the conformance requirements, consistent with the 
capabilities stated in the PICS.  
Data 
A representation of information in a formal manner suitable for communication, 
interpretation, or processing be human beings or computers 
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Data exchange 
The storing, accessing, transferring, and archiving of data 
Dynamic conformance requirement 
One of the requirements which specifies what observable behaviour is permitted by the 
relevant specification(s) in instances of communication 
Executable test case 
An instantiation of an abstract test case with values 
Executable test suite 
The set of executable test cases necessary to perform conformance testing of an 
implementation against a standard or group of standards. 
Fail (verdict) 
A test verdict given when the observed test outcome demonstrates non-conformance with 
respect to either the test purpose or at least one of the conformance requirements in the 
relevant standard(s). 
Implementation Under Test (IUT) 
That part of a product which is to be studied under testing, which should be an 
implementation of one or more characteristics of the standard(s) based on a given 
implementation method. 
Instance model:   
A set of entity instances meaningful in the context of an application protocol that convey a 
specific realization of product data. 
Inconclusive (verdict) 
A test verdict given when the observed test outcome is such that neither a pass nor a fail 
verdict can be given.  
Information model  
A formal model of a bounded set of facts, concepts or instructions to meet a specified 
requirement 
Integrated resource 
A part of ISO 10303 that defines a group of resource constructs used as the basis for product 
data 
Interpretation 
The processing of adapting a resource construct from the integrated resources to satisfy a 
requirement of an application protocol. This may involvel the addition of restrictions on 
attributes, the addition of constraints, the addition of relationships among resource constructs 
and application constructs, or all of the above 
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Legacy System 
A legacy system in this thesis is a collective term used for different organization computer 
systems. It does not imply that the system is old or outdated.   
Lower tester (LT) 
The representation in ISO/IEC 9646 of the means of providing, during test execution, indirect 
control and observation of the lower service boundary of the IUT via the underlying service-
provider 
Maintenance 
Activity planned or undertaken to sustain the specified functions of an operational product 
Non-conformance  
The failure of an implementation to fulfil one or more requirements specified 
Pass (verdict) 
A test verdict given when the observed test outcome fives evidence of conformance to the 
conformance requirement on which the test purpose is focused and is valid with respect to the 
relevant standard(s) and with respect to the PICS. 
PICS proforma 
A standardized document in the from of a questionnaire, which, when completed for a 
particular implementation, becomes the protocol implementation conformance statement 
PIXIT proforma 
A document, in the form of a questionnaire, written and provided by the testing laboratory 
which, when completed during the preparation for testing, becomes the PIXIT. 
Point of control and observation [PCO] 
A point within a testing environment where the occurrence of test events is to be controlled 
and observed, as defined in an Abstract Test Method. 
Postprocessor 
A software unit that translates product information from an independent public domain 
product data format to the internal format of a particular computer system. 
Pre-processor 
A software unit that translates product information from the internal format of a particular 
computer system to an independent public domain product data format. 
 
Product 
A thing or substance produced by natural or artificial process 
Product data 
A representation of information about a product in a formal manner suitable for 
communication, interpretation, or processing by human beings or by computers 
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Protocol implementation conformance statement (PICS) 
A statement of which capabilities and options are supported within an implementation of a 
given standard. This statement is produced by completing a PICS proforma 
Protocol implementation eXtra Information for Testing (PIXIT) 
A statement made by the client which contains or references all of the information (in 
addition to that given in the PICS) related to the IUT and its corresponding SUT, which will 
enable the testing laboratory to run an appropriate test suite against that IUT. 
Resolution tests  
Tests performed to determine in depth whether or not an implementation satisfies specific 
requirements.  
Semantic analysis 
The evaluation as to whether or not the information content of an instance model 
was maintained during either IUT preprocessing or postprocessing. [STEP] 
Single-party testing [SPyT] context 
A context in which the IUT is required to communicate with a single other real open system. 
Static conformance requirement 
One of the requirements that specify the limitations on the combinations of implemented 
capabilities permitted in a real open system which is claimed to conform to the relevant 
specification(s). 
Structure 
A set of interrelated parts of any complex thing, and the relationship between them. 
Structure analysis  
The evaluation as to whether or not an IUT instance model conforms to the schemas 
and other  information structuring  requirements of the ISO 10303 application protocol of 
interest. 
Support 
Activities planned or undertaken to sustain an operational product and related items in an 
appropriate condition over the product life cycle 
SUT operator   
A human or an automated component of the system under test that enables 
communication of instructions and query data between the test engine and the implementation 
under test. 
Syntax analysis:   
The evaluation as to whether or not an IUT instance model is properly encoded in an 
exchange structure conforming to ISO 10303-21.  
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System Under test 
The computer hardware, software and communication network required to support the IUT. 
Test campaign  
The process of running the executable test suite for a particular IUT. 
Test campaign report:   
A report collecting the individual test case reports and overall conditions and results 
associated with the execution of a test campaign. 
Test case error 
A statement made with respect to an abstract test case when an error is detected in the abstract 
test case itself or its executable equivalent. 
Test case report:   
A report covering the detailed identifiers, data, results, and verdicts associated with the 
execution of a test case. 
Test coordination procedures [TCP] 
The rules for cooperation among Lower and Upper Testers, and the LTCF if applicable, 
during testing 
Test engine:   
The component of a test system that, by observing test case instructions, prepares, controls,  
observes, and analyses an IUT.  
Test event 
An indivisible unit of test specification at the level of abstraction of the specification (e.g. 
sending or receiving a single PDU) 
Test laboratory 
An organization that carries out conformance testing. This can be a third party, a user 
organization, a telecommunications administration or recognised private operating agency, or 
an identifiable part of a supplier organization 
Test purpose  
A precise description of an objective which an abstract test case is designed to achieve. 
Test system 
The hardware, software, and data used by a testing laboratory to execute a test method. 
Test verdict  
A statement of “pass”, “fail” or “inconclusive” concerning conformance of an IUT with 
respect to an executable test case and the abstract test case from which the it was derived. 
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Test case verdict:   
A summarized verdict assigned to a test case derived from the individual verdicts assigned to 
the verdict criteria of a test case. 
Upper tester [UT] 
The representation in ISO/IEC 9646 of the means of providing, during test execution, control 
and observation of the upper service boundary of the IUT, as defined by the chosen Abstract 
Test Method. 
 
Verdict criteria 
Information defined within an abstract test case which enables the testing laboratory to assign 
a verdict. 
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APPENDIX A - ABSTRACT TEST SUITE [ISO 9646-2 CLAUSE 12] 
An ATS comprises a set of test cases and optionally test steps for a particular test method or 
set of test methods. An ATS for an embedded test method may be specified in two parts: one 
which is independent of the base specification(s) under which the embedding is to be done, 
and one which is specific to the embedding base specification(s). The former is called the 
common part and the latter the specific part. Preceding the test cases themselves the ATS 
specification shall include the following information: 
a) ATS name, date of origin and version number; 
b) references to (and version numbers of) the base specification(s) (for protocol(s), 
abstract syntax, encoding rules and information object(s) as appropriate) which are 
used in the specification of the test cases; 
c) references to (and version numbers of) the OSI service definitions, the ASPs of 
which are used in the test cases; 
d) reference to (and version number of) the specification defining the test notation; 
e) description of the coverage of the test suite; for example, the functional subsets of 
the base specification(s) that are tested; 
f) description of the structure of the test suite, in terms of test groups and their 
relationship to the base specification(s); 
g) whether SPyT and/or MPyT contexts are required by the ATS; 
h) identification of the SPyT or MPyT ATM(s) used; 
i) description of the TCP or a reference to the specification of the TMP (if applicable 
in the test method); 
j) optionally, a list of which capability and behaviour test cases may be used as basic 
interconnection tests; 
k) information to assist the test realizer and test laboratory in their use of the ATS; 
l) an identification of the Technical Corrigenda (or ITU-T equivalent) which are 
related to the base specification(s), and which have been taken into account in the 
ATS. 
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Appendix B - Requirements on testing laboratories and clients – 
ISO 10303 part 32  
Part 32 of the STEP standard places requirements on testing laboratories and clients in a 
conformance test assessment process. This includes general requirements on testing 
laboratory and clients, exchange of PICS and PIXIT, negotiation process between the client 
and the test laboratory on the IUT, testing environments and abstract test methods and suites. 
Requirements on the form and content of the conformance test report are also part of ISO 
10303-32.  
 
Clients in this setting can be implementation developers, suppliers or implementation 
customers. While the testing laboratory is an independent organization responsible for the 
testing of the implementation. A testing laboratory must have sufficient knowledge about 
testing and have proper means of testing an IUT. The client on the other hand must have 
sufficient knowledge about the client system, and some knowledge about the appropriate 
standard, conformance testing and abstract test methods.  
Preparation for testing 
Preparatory phase is described in ISO 10303-31 and in the chapter on STEP conformance 
testing.  
Production of administrative information  
The testing laboratory shall as a minimum provide: 
A statement of requirements for the client to complete the PICS and PIXIT proforma; 
A statement of compliance with part 32 of the ISO 10303 standard, based on the use of the 
standardised conformance test report proforma; 
A statement of compliance with the abstract test suite for which a testing service is offered 
and the abstract test methods supported; 
The accreditation status of the testing laboratory. 
 
The client shall provide the following information for the testing laboratory: 
Administrative information to identify the client; 
System information to identify the SUT including the name and current version number; 
Identification of application protocols and implementation methods of ISO 10303 that have 
been implemented in the SUT; 
Identification of the abstract test method and abstract test suite, including the year of the 
edition of each part. 
Completion of the PICS 
The completion of the PICS is done by the client in agreement with the testing laboratory who 
is responsible for providing the PICS proforma. The client completes the PICS proforma 
given by the testing laboratory, for each AP that is implemented in the IUT. In the case of 
both a pre-processor and a post-processor the client shall complete a separate PICS for each 
AP in both the pre- and post-processor.  
PICS Review 
The PICS review is performed by the testing laboratory with assistance by the client. The 
PICS proforma must be completed, self-consistent and show that the IUT meets the 
Master Thesis by Fredrik Lied Larsen, 2005, NTNU. 
Conformance testing of Data Exchange set implementations  
94 
requirements of the AP. Any inconsistencies are resolved between the client and the testing 
laboratory.  
Informal testing and completion of the PIXIT 
The testing laboratory provides the PIXIT proforma for each abstract test suite with the 
necessary instructions to complete it. An executable test suite is sent with the PIXIT proforma 
with appropriate values for parameters. Final selection of abstract test cases and parameter 
values is done by the testing laboratory.  
 
The testing laboratory is also responsible for providing a description appropriate test 
procedures, additional requirements on the IUT and SUT, and information on possible 
physical requirements in the testing laboratory.  
 
The client shall provide information about what parts of the SUT is proposed to be the IUT, a 
statement of the appropriateness of testing the SUT and IUT according to the selected abstract 
test suite and method. The client is also responsible for completing the PIXIT proforma and 
notifying the testing laboratory of any unsuitable parameter values. The SUT must provide the 
necessary control and observation functionality for the chosen abstract test method.  
PIXIT Review 
As the PICS review this process is performed by the testing laboratory with the assistance of 
the client. The PIXIT shall be completed with sufficient information to perform the testing, it 
shall be self consistent and consistent with the PICS. Inconsistencies are resolved with the 
client.  
Final abstract test case selection and assignment of parameter values 
Testing laboratory role 
The information in the PICS and PIXIT form the basis for the selection of the abstract test 
cases for the IUT. The testing laboratory shall select: 
All abstract test cases for capabilities mandated by the conformance requirements identified 
by the PICS; 
All abstract test cases for optional or conditional capabilities that are present in the IUT 
according to the PICS, and testable according to the PIXIT. 
 
The details of the selected abstract test cases shall be forwarded to the client for agreement.  
 
Selection of appropriate parameter values is done according to the values given in the PIXIT 
and the requirements of the abstract test suite. The abstract test suite is then translated into an 
executable test suite by the test realiser. All abstract test cases must be represented with an 
executable test suite. An executable test case can be run on the IUT and includes information 
about parameter values and written instructions. The process of deriving the executable test 
cases from abstract test cases is documented by the test realiser.  
 
Client role 
The client shall review and sign an agreement to accept the selected abstract test suite 
provided by the testing laboratory as the scope of the test campaign.  
 
Both parties shall agree on the definition of the IUT and the scope of the test campaign.  
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Test Campaign 
Before the test campaign all the testing equipment shall be determined to be in acceptable 
condition.  
 
The testing laboratory is responsible for providing the means of testing and a designated test 
operator for the agreed test campaign period, and that all the tests are executed and enough 
information is obtained to assign a verdict.  
 
The client shall provide the SUT and a designated SUT operator for the test campaign, that 
the SUT operator performs all input and output entry observation for which the clients is 
responsible, as well as configuring the IUT to the requirements from the PICS and PIXT.  
 
Once the test campaign has started, no changes to the executable test suite, the IUT or its 
environment shall occur.  
Analysis of results 
The testing laboratory assigns verdicts for each test case. If any inconclusive verdicts occur 
the testing laboratory shall indicate this as a test case error or, if the verdict was caused by a 
reproducible behaviour in the IUT then the verdict is changed to fail. Otherwise inconclusive 
test cases are re-run.  
 
The client must review and sign each occurrence of inconclusive or fail verdict.  
 
The client and testing laboratory shall in cooperate in ensuring that all test cases have been 
run, verdict assignments are acceptable to both parties and evidence is documented to support 
all verdicts.  
Conformance test report production 
The testing laboratory produce the conformance test report and makes it available to the 
client. The laboratory shall have procedures for dealing with client disagreements.  
 
The client reviews the conformance test report, and if there are any disagreements they shall 
work with the laboratory in solving these.  
Compliance  
A testing laboratory that claims to comply with ISO 10303 shall: 
For each IUT for which it carries out conformance testing, comply with the requirements 
stated under all subclauses in ISO 10303 part 32 entitled Testing laboratory and Mutual role; 
Test implementations of ISO 10303 using abstract test suites and applying abstract test 
methods documented as the 30-series parts of ISO 10303. 
 
A client who undergoes conformance testing shall comply with ISO 10303 and shall for each 
SUT presented for conformance assessment process, comply with the requirements stated 
under all subclauses in part 32 of ISO 10303 entitled Client role or Mutual role.  
 
Where a claim of conformance concerns an AP the following reference shall be specified: 
The edition of the AP 
The edition of the abstract test suite 
The edition of implementation method  
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The conformance or combination of conformance classes within the AP (if applicable).  
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